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THEORETICAL PERFORMANCE OF LIQUID AMMONIA WITH LIQUID OXYGEN 

AS A ROCKET PROPELLANT 
By Sanford Gordon and Alan R. Glueck 


SUMMARY 

Theoretical rocket performance for both equilibrium and frozen com- 
position during expansion was calculated for the propellant combination 
liquid ammonia with liquid oxygen at two chamber pressures (300 and 600 
lb/sq in. abs) and a wide range of pressure ratios (l to 1500) and 
oxidant -fuel ratios (0.564 to 7.046). Data are given to estimate per- 
formance parameters at chamber pressures other than 300 and 600 pounds 
per square inch absolute. The parameters included are specific impulse, 
specific impulse in vacuum, combustion-chamber temperature, nozzle-exit 
temperature, molecular weight, molecular -weight derivatives, character- 
istic velocity, coefficient of thrust, ratio of nozzle-exit area to throat 
area, specific heat at constant pressure, isentropic exponent, viscosity, 
thermal conductivity, Mach number, and equilibrium gas compositions. 

The maximum value of specific impulse for a chamber pressure of 600 
pounds per square inch and an exit pressure of 1 atmosphere (pressure 
ratio, 40.827) is 278.7 and 269.3 assuming equilibrium and frozen compo- 
sition, respectively. 


INTRODUCTION 

The performance of ammonia and oxygen as a rocket propellant has 
been reported in the literature (e.g., refs. 1 to 3). However, additional 
performance calculations based on the latest thermodynamic data are needed 
for a wider range of conditions than were heretofore available. Calcu- 
lations were therefore made at the NACA Lewis laboratory to provide 
rocket performance data for liquid ammonia and liquid oxygen for the 
following conditions: 

(1) Equilibrium and frozen composition during expansion 

(2) Two chamber pressures (300 and 600 lb/sq in. abs) 
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(3) A wide range of oxidant-fuel weight ratios (0.564 to 7.046) 

( 4 ) A wide range of pressure ratio (l to 1500) 

Data are given to permit estimates of performance parameters at chamber 
pressures other than 300 and 600 pounds per square inch absolute. 
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SYMBOLS 

nozzle area, sq in. 

number of formula weights (defined as A in ref. 4) 
local velocity of sound, ft/sec 
coefficient of thrust; Cp = g c l/c* = F/P c Aj. 
molar specific heat at constant pressure, cal / (mole) (°K) 
specific heat at constant pressure, (Sh/5T) p , cal/(g) (°K) 
specific heat. at constant volume, cal/(g) (°K) 
characteristic velocity, g c F c A fc /w, ft/sec 
-thrust, lb 

function of force constant e/k and temperature T 

gravitational conversion factor, 

32.174 (lb mass/lb force) (ft/sec^) 

sum of sensible enthalpy and chemical energy at temperature T, 
cal/mole 

sum of sensible enthalpy and chemical energy per unit mass, 

£ ^ (Bg)l , cal/g 

specific impulse with ambient and exit pressures equal, 

(lb force) (sec) /lb mass 

specific impulse in vacuum, (lb force) (sec)/lb mass 
coefficient of thermal conductivity, cal/ (sec) (cm) (°K) 
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M 

Jt 


n c* 


n-, 


Mach number 


tlip 


n c 


o/f 

p 

p 

Q 

R 


molecular weight, g/g-mole or lb/lb-mole 

characteristic -velocity exponent, ^ p - and -g-- for 

frozen and equilibrium composition, respectively 

specific-impulse exponent for fixed pressure ratio, 

MjLnJ|\ and for frozen ^ equilibrium 

V A ln p c /p p /p Va m P c ; p /p 


composition, respectively 
temperature exponent for fixed pressure ratio. 


and 


/ a In T \ 

V 5 ln P c/P c /P 


A In T 
A ln P r 


Pc/P 

for frozen and equilibrium composition. 


respectively 


area-ratio exponent for fixed pressure ratio, ^ 


and 


5 In e 
a ln P 


Ain P c/P c /P 
for frozen and equilibrium composition. 


Vp c /p 

respectively 

oxidant-fuel weight ratio 

static pressure (sum of partial pressures), lb/sq in. 

partial pressure, lb/sq in. 

heat of formation or dissociation 

equivalence ratio, ratio of two times the number of oxygen atoms 
to the number of hydrogen atoms, 2(0)/(H) 

. Universal gas constant (consistent units) 

entropy at a pressure of 1 atm, cal/ (mole) (°K) 

2 x i [( S ?) i “ # ln( Pl /l4.696)] 


entropy per unit mass, 
cal / (g) (°K) 


J. 
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T 

V 

v 

w 

X 


e 

e/k 

P 

P 

a 

( 2 , 2 )* 


2 


temperature., °K 
velocity, ft/sec 
specific volume 
mass-flow rate, lb/sec 
mole fraction 

isentropic exponent, 

\a In p/ g 

ratio of nozzle area to throat area 
force constant for viscosity calculation 
absolute viscosity, g/(cm)(sec) or poises 
density, lb/cu in. 

collision diameter for viscosity calculation 
function of force constant e/k and temperature T 


Subscripts: 

c combustion chamber 

e nozzle exit 

i product of combustion 

inj injector 

P c /p constant pressure ratio 

p constant pressure 

s constant entropy 

T constant temperature 

t nozzle throat 

1 reference point 
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Superscript : 

o thermodynamic standard reference state 


CALCULATION OF PERFORMANCE DATA 

Performance data were obtained for liquid ammonia with, liquid oxygen 
for two chamber pressures over a wide range of oxidant-fuel ratios and 
pressure ratios assuming both equilibrium and frozen composition during 
expansion. 

The computations were carried out by the method of reference 4 with 
modifications to adapt it for use with an IBM 650 Magnetic Drum Data- 
Proeessing Machine. The machine was operated with floating-decimal-point 
notation and eight significant figures. The successive-approximation 
process used in the calculations was continued until seven-figure accuracy 
was reached in the desired values of the assigned parameters (mass balance, 
pressure, and enthalpy or entropy) . 


Assumptions 

The calculations were based on the following usual assumptions: 
perfect gas law, adiabatic combustion at constant pressure, isentropic 
expansion, no friction, homogeneous mixing, and one-dimensional flow. 

The products of combustion were assumed to be the following ideal gases: 
atomic hydrogen H, hydrogen Hg, water HgO, atomic nitrogen N, nitrogen 
Ng, nitric oxide NO, atomic oxygen 0, oxygen 0g, and the hydroxyl radical 
OH. 


Initial Data 

Thermodynamic data . - The ideal gas thermodynamic properties for 
atomic hydrogen, hydrogen, atomic nitrogen, nitrogen, atomic oxygen, 
and oxygen were taken from reference 5. Data for water are also given 
in reference 5; however, the same data are given to more decimal places 
in reference 6, and therefore reference 6 data were used. Nitric oxide 
thermodynamic properties were taken from reference 7, and the hydroxyl 
radical data were taken from reference 8. The values of entropy used In 
the present report do not include nuclear spin. 

Heats of formation or dissociation. - The heats of formation or dis- 
sociation for the six molecules considered in this report are given in the 
following table: 
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Reaction 
(all substances 
in gas phase) 

Heat of formation 
or dissociation, 

Q 

Temperature 
of reaction, 
°K 

Reference 

cm"-*- 

cal/mole 

Q + Hg -> 2H 

36,116 

103,263 

0 

9 

Q + N 2 -*■ 2N 

a 78,747 

225,154 

0 

10 

Q + O2 20 

41,260 

117,971 

0 

11 

Hg 4* ■gOg KgO + Q 


57,797.9 

298.16 

12 

8 +H +|°2- I!0 


21,600 

298.16 

12 

Q + OH-*- 0 + H 

37,340.25 

106,764 

0 

13 


a The value of 78,747 cm - ^- for N 2 was obtained from the dif- 
ference in the predissociation limit in c 3 II|i of N 2 
(97,970 cm“l) and the 2 D term of N (19,223 -cm“l) given 
in reference 10. 


Where values are given in cm - -*-, the conversion factor used was 
1 cm - 1- = 2.85921 cal/mole, calculated from data given in reference 14. 

The "base used in this report for assigning absolute' values to enthalpy is 
the same as in reference 4. 


Viscosity data . - Viscosity data are needed for heat-transfer calcu- 
lations j however, accurate data for gases at high temperatures are un- 
available in the literature. Theoretical considerations of force fields 
lead to theoretical expressions for viscosity that fit available experi- 
mental data fairly well and therefore provide a basis upon which experi- 
mental data may be extrapolated into the higher temperature regions. 
However, the extrapolated data must be considered only as estimates. 


The derivations of various theoretical equations for viscosity are 
treated in detail in references 15 and 16, The use of these equations 
to obtain a refined numerical calculation of viscosity involves the selec- 
tion of a force-field potential and considerable numerical work. Much of 
this numerical work can be saved by using tables of collision integrals 
such as those based on the Lennar d- Jones 6-12 potential and the following 
equation (ref. 16) : 


pxio 7 = 


266.93/vCJTt f( k ) 

a2 2 (2,2)* 


The parameters and f£ k ) are tabulated in reference 16 as 

functions of the force constant e/k and temperature T. 


o' 
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Hie force constants e/k and a for H 2 , 02> NO, and H were 
taken from the literature or calculated from experimental viscosity data. 
No experimental viscosity data were found for N, 0, and OH. Values of cr 
for N and'O were estimated from data in reference 17. The value of a 
for OH was estimated from 

°0H = a 0 + a H W 

The values of e/k for N, 0, and OH were estimated as follows: 

(e/k) N (e/k) 0 (e/k) H 

= = (3) 

and 

(e/k) 0E = V(‘A) 0 C*A) h W 

f 2 2^* 

Water is a polar molecule, and therefore the S2 V * ' values "based 
on the Lennard- Jones 6-12 potential are not very satisfactory for calcu- 
lating the viscosity of water. The following equations from reference 18 
were used to calculate the viscosity of water up to 1500° K: 


pxlO 7 = 3.633? - 102 

(T£865° K) 

(5) 

px 10 7 -• 393. 7T 3 / 2 

(865° K<T<1500° K) 

(6) 


3315 - T + 0.001158T 2 


Equation (6) is not satisfactory for high temperatures, since it reaches 
a maximum at about 2500° K after which it gives values of viscosity that 
decrease with temperature. In order to have a means of extrapolating to 
higher temperatures, values of a and e/k were calculated to "be used 
in estimating viscosity above 1500° K by means of equation (l) . 

The force constants selected are summarized in the following table: * 
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Substance 

a, 

o 

A 

e/k, 

°K 

Reference 

H 

2.551 

89.3 

a 19 

H 2 

2.775 

70.2 

a 5 

h|o 

*>3.031 

*>302.2 

a 18 

N 

3.355 

93.0 

c 17 

*2 

3.778 

73.1 

®5 

NO 

3.593 

94.3 

a 20 

0 

3.088 

127.2 

c 17 

02 

3.499 

100.0 

5 

OH 

2.820 

106.6 

( 4 ) 


Calculated from data in reference given. 

"^To be used for T > 1500° K. 

G 0 estimated from data in reference given, 
and s /k estimated by means of eq. (3) . 
cx estimated by means of eq. (2), and 
e/k by means of eq. (4) . 

Physical and thermochemical data . - Several physical and thermo- 
chemical properties of the propellants are listed in table I. Additional 
properties of ammonia may be found in references such as 21 and 22, and 
properties of oxygen may be found in reference 23. 


Formulas 

The formulas used in computing the various performance parameters 
are as follows: 

Specific impulse with ambient and exit pressures equal, (lb force) (sec)/ 
lb mass: 


- - I = 294 - 98 VC 5 (7) 

Specific impulse - in vacuum, (lb force) (sec)/lb mass: 

*vac “ 1 + p (t) W 

Nozzle area per unit mass-flow rate, (sq in. ) (sec)/lb: 

A _ 86.4554T 

w Pjtl . 


( 9 ) 
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Throat area per unit mass-flow rate, (sq In.) (sec) /lb: 

At 2781.6Tb 

~ = P t ^t a 


( 10 ) 


This equation is derived from the continuity equation and the fact that 
velocity of flow equals velocity of sound at the throat - 

Velocity of sound, ft/sec: 

cii) 

Characteristic velocity, ft/sec: 

c * = Sc P c 32.174 P c ^ (12) 

Coefficient of thrust: 

g o I 32.1741 

= pr » 

Ratio of nozzle area to throat area: 




(14) 


Partial derivatives . - The derivatives of the fundamental thermody- 
namic quantities have many useful applications. Equations (29) to (32) 
are examples of these applications. 

All the relations "between first derivatives may "be expressed in terms 
of three arbitrary first derivatives in addition to the fundamental quan- 
tities. The three derivatives selected for this report are (dh/dT)p = c^, 
(5 In In T) p , and (d In In P)^. Specific heat Cp is needed in 

heat-transfer calculations, and the other two derivatives are a useful 
indication of the extent of dissociation. 


These derivatives were obtained by means of the following equations: 

(15) 


C P Pj?T 


L i 


L 

i 


A 
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where (d In In. T)p, (5 In In T)p, and (& In p^/d are 

found "by matrix methods similar to those described for obtaining 

(3 In Pj/d In T) s in reference 4, and where is A in reference 4 . 


Reference 24 presents a convenient scheme for expressing all first 
derivatives in terms of (Sv/dTjp, (^v/Sp)^, and (8h/cST)p = Cp. In order 

to make use of the tables in reference 24, (Sv/5l)p and (civ/Bp) rp can be 
obtained from the derivatives given in this report by means of the follow- 
ing equations: 



(18) 

(19) 


With the aid of the tables in reference 24 and equations (18) and 
(19), other first derivatives can be expressed in terms of Cp, 

(S InJZ/d In T)p, and (d ln^S^d In P}^. As an example. 


T = 


d In P' 
c3 In p 


s 




( 20 ) 


When composition is frozen, 

/d ln^\ _ In J%\ _ q 
\£ In P/ T \6 In T jp 

and 


c c 

P. . _ _£ 

gf °v 


C P 'I 


( 21 ) 


r = 


( 22 ) 
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Viscosity of mixtures . - Viscosities of multicomponent mixtures cal- 
culated "by rigorous methods (refs. 16 and 25) show excellent agreement 
with experimental data. However,, these calculations involve considerable 
effort and become increasingly more difficult with increasing number of 
components. A simpler technique, but one that still involves considerable 
calculations, is given in reference 26. 

The following equation, based on averaging kinematic viscosities, 
gives approximate results that are often sufficiently accurate for engi- 
neering purposes : 

to 

CO 



The equation appears adequate until better high-temperature data for 
the individual components become available. 

Conductivity . - Thermal conductivities as well as viscosities are 
needed in heat-transfer calculations. However, experimental conductivity 
data are generally even less available than experimental viscosities. 
Therefore, the Eucken relationship, 

k “4p + !J) C24) 

which often gives satisfactory values of conductivity for individual com- 
ponents, is used in this report to estimate the conductivity of gaseous 
mixtures . 


THEORETICAL PERFORMANCE DATA 
Tables 

The calculated values of the various performance parameters for com- 
bustion pressures of 300 and 600 pounds per square inch absolute and for 
a range of equivalence ratios and exit conditions are given in tables II 
to V. Table II presents performance data at assigned pressure ratios 
from 1 to 1500 for equivalence ratios from 0.40 to 5.00 (oxidant-fuel 
weight ratios from 0.564 to 7.046). Properties at the throat may be 
found where s = 1.00. Table III gives various thermodynamic partial 
derivatives. Equilibrium composition in the combustion chamber and at 
the assigned exit conditions is given in table IV. Characteristic veloc- 
ity and summary of the performance parameters at an exit pressure of 1 
atmosphere are presented in table V. 
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Curves 

Performance parameters . - The performance parameters are plotted in 
figures 1 to 7. Curves of specific impulse are presented in figure 1 for 
assigned pressure ratios as a function of percent "by weight of fuel. 
Combustion temperature and exit temperature for assigned pressure ratios 
are plotted in figure 2 as functions of percent by weight of fuel, and 
curves of the ratio of nozzle area to throat area are plotted in figure 3 
as functions of percent by weight of fuel for assigned pressure ratios. 
Figure 4 gives the curves for coefficient of thrust for assigned pressure 
ratios as a function of percent by weight of fuel; figure 5 presents 
curves of molecular weight for assigned pressure ratios; and figure 6 
presents curves of characteristic velocity as a function of percent by 
weight of fuel. 

Effect of assuming frozen or equilibrium composition during expan- 
sion . - Specific impulses based on equilibrium and on frozen composition 
during expansion to an exit pressure of 1 atmosphere are compared in fig- 
ure 7. Maximum values of specific impulse based on equilibrium and on 
frozen composition during expansion are compared in the following table 
(taken from table II or V) : 


Chamber 

pressure, 

p c> 

Ib/sq In. 
abs 

Pressure 

ratio. 

Pc/? 

. . 

Equivalence 

ratio, 

K, 

at which I 
Is maximum 

Oxidant - 
fuel 
weight 
ratio, 

o/f 

Composition 

during 

expansion 

Max. 

specific 

impulse, 

lb-sec 

lb 

Differ- 
ence In 

i 

300 

20.414 

0.95 

.90 

1.339 

1.268 

Equilibrium 

Frozen 

256.3 

248.4 

| 3.2 


1500 

1.00 

.90 

1.409 

1.268 

Equilibrium 

Frozen 

345.3 

324.2 

| 6.5 

600 

■40.827 

0.975 

.90 

1.374 

1.268 

Equilibrium 

Frozen 

278.7 

269.3 

| 3.5 


1500 

1.00 

.90 

1.409 

1.268 

Equilibrium 

Frozen 

345.7 

326.6 

| 5.8 


The table shows that, for pressure ratios of about '20 to 40, the 
difference in maximum, specific impulse due to equilibrium or frozen com- 
position during expansion Is about 3 to 4 percent, while for a pressure 
ratio of 1500 the difference increases to about 6 percent. The maximum 
specific impulse occurs nearer the stoichiometric point (R = 1.00) for 
equilibrium composition than for frozen composition. For frozen composi- 
tion, maximum specific impulse remains at the same fuel-rich O/F ratio 
of 1.268 as pressure ratio' increases. For equilibrium composition, the 
maximum specific Impulse moves from a slightly fuel-rich ratio at the 
lower pressure ratios to the stoichiometric mixture ratio at the high 
pressure ratios. 
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Effect of Thermodynamic Data 

Hew and revised thermodynamic data are constantly appearing in the 
literature. The reason for this may he the availability of better spec- 
troscopic data^ or a more rigorous use of the spectroscopic data in cal- 
culating thermodynamic functions; or possibly a more accurate determina- 
tion of heat of formation; heat of dissociation; or heat of transition. 

In a comparison of the performance of various propellants; care must be 
taken to see that the same thermodynamic data are used; since different 
data may affect the results. 

Several additional calculations were made to determine the effect on 
performance of using water data from reference 27 rather than that of 
reference 5 used in this report; and of the heat of dissociation of OH 
from reference 12 (100;206 cal/mole) rather than that of reference 13 
(l06;764 cal/mole) used in this report. The results of these calculations 
are shown in the following table (P c = 600 lb/ sq in. abs) : 


Equiva- 

lence 

ratio; 

R 

Pressure 

ratio; 

P c /P 

Thermo- 

dynamic 

data, 

this 

report 

H2O 

thermo- 
dynamic 
data, 
ref. 27 

OH 

heat of 
dissocia- 
tion, 
ref. 5 

Difference 
due to 

h 2 o, 

percent 

Difference 
due to 
OH, 

percent 



Combustion temperature, 






T, °K 




0.7 

1 

2503.1 

2513.4 

2508.2 

0.41 

0.20 

1.0 

1 

2980.5 

3044.1 

2984.4 

2.13 

.13 

1.5 

1 

2759.5 

2841.0 

2764.0 

2.95 

.16 



Equilibrium specific 





impulse, I, Ib-sec/lb 



0.7 

40.827 

262.04 

262.09 

262.11 

0.02 

0.03 

.7 

1000 

311.36 

311.38 

311.39 

.01 

.01 

1.0 

40.827 

278.30 

279.46 

278.49 

.42 

.07 

1.0 

1000 

340.79 

341.34 

340.88 

.16 

.03 

1.5 

40.827 

250.32 

251.56 

250.44 

.50 

.05 

1.5 

1000 

303.05 

303.60 

303.09 

.18 

.01 



Frozen 

specific 

impulse. 





I 

, lb- sec/lb 



0.7 

40.827 

260.91 

261.40 

260.95 

0.19 

0.02 

.7 

1000 

309 .76 

310.41 

309.74 

.21 

.01 

1.0 

40.827 

267.23 

269.58 

267.13 

.88 

.04 

1.0 

1000 

320.54 

323 . 83 

320.23 

1.03 

.10 

1.5 

40.827 

242.74 

245.81 

242.69 

1.26 

.02 

1.5 

1000 

290.16 

294.39 

290.00 

1.46 

.06 
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For the three equivalence ratios selected, the effect of the differ- 
ence in the heat of dissociation of OH (6556 cal/mole) on "both specific 
impulse and combustion temperature was very small. However , the differ- 
ent thermodynamic data for HoO made a difference of 82° K in the combus- 
tion temperature and 3 to 4 (lb)(sec)/lb in frozen specific impulse for 
the equivalence ratio of 1.5. The effect of different water data was 
greater on, frozen specific impulse than on equilibrium specific impulse. 


Effect of Chamber Pressure 


By use of suitable exponents, performance parameters can be estimated 
with good accuracy at chamber pressures other than those given in this 
report. The logarithmic values of the parameters I, T, e, and c* are 
very nearly linear with the logarithm of chamber pressure for a fixed 
equivalence ratio and pressure ratio. This linearity permits the data 
to be represented by means of exponential equations. For frozen composi- 
tion the exponents can be calculated from data for two chamber pressures 
according to the following equations: 



(25) 


(26) 


(27) 


n c * 


A In c* 
A In P c 


(28) 


For equilibrium composition, the following analytic expressions were 
derived that permit the exponents to be computed from data at a single 
chamber pressure: 


n I 


s 



8 B - 4 e 81 ?&’i) 


(29) 


_ / d In T \ = St r, _ / a 1 _ 3 

°T \a In P (T; p c /p Jfcp' \a In T/p c p-^c 


( 30 ) 
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1 



Q c* 


5 In c* 
TTnP^ 



(31) 

(32) 


where 


w 


_ . (b In A/w) gt T, 

U S ?' Ajp - o L 1 " 

(b In Jl\ 1 1 
\<3 In T /^J x 

Equations (25) to (28) and (29) to (32) may be 
approximate form: 

written in the following 

( v 1 -* 1 


I = I lter) 

(33) 

re \ J! ’ 1 

1 * ^ te) 

(34) 

/ P„ \ n eA 


6 = 61 (sSa) 

(35) 

°* - < (*o,l) 

(36) 

where P c may be selected to be either 300 or 600 pounds per square 


inch absolute if I]_, T^, e^, c* and their derivatives are the corre- 
sponding values for the chamber pressure selected. 

The exponents obtained by means of equations (25) to (32) are shown 
in tables III and V and are plotted in figures 1, 2, 6, and 6. 

To illustrate the use of these derivatives, suppose the value of 
equilibrium specific impulse is desired for a chamber pressure F c of 
1200 pounds per square inch absolute and a pressure ratio P c /P of 81.65 
(exit pressure, 1 atm) for an equivalence ratio R of 0.95 (0/P, 1.339). 
From figure l(c) and table HI, the value of I at this pressure ratio 
and equivalence ratio (but for a chamber pressure of 600 Ib/sq in. abs) 
is 295.8, and the value of n^ is 0.0025. From equation (33), 
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1 - 295 - 8 (Hr) 

= 295.8(1.0017) 
= 296.3 


0.0025 


The parameters obtained, by the chamber -pressure correlation and by 
a direct calculation are compared in the following table (E = 0.95, 
equilibrium composition during expansion) : 


Parameter 

p c 

p e 

= 1200 lb/sq in. abs 
= 1 atm 

Estimated by 
correlation 

Direct calculation 

Difference 

I, lb-sec/lb 

296.34 

296.32 

0.02 

T c , °K 

3012.8 

3011.0 

1.8 

T e , °K 

1557.9 

1558.2 

.3 

e 

10.272 

10.266 

.006 

c*, ft/sec 

5843.0 

5841.6 

1.4 


Values estimated for other equivalence ratios and for pressure ratios 
from about 150 to 1200 pounds per square inch absolute will probably have 
small errors of the order of magnitude shown in this table. 


Effect of Finite Chamber Area 

The use of a combustion chamber of finite cross-sectional area leads 
to a pressure change during the combustion process. For a cylindrical 
chamber, the injector face pressure Finj may be found from the following 
equation for conservation of momentum: 

Pinj - Pi + ^ (Vl - V inJ ) (37) 

where P-j_ and are the static pressure and velocity at the nozzle 

entrance, respectively, and is the average velocity of propellant 

(liquid or gas) in the axial direction when injected. Equation (37) may 
be written 

P inj + - V in 3 > C38) 

where P c is the stagnation pressure in the nozzle. 
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The data in tables II and V may he used to evaluate this expression. 
For example , consider a rocket operating at the stoichiometric ratio with 
a nozzle stagnation pressure of 600 pounds per square inch absolute and a 
chamber- to throat-area ratio e of 2.131 with Vj_ n j equal to 100 feet 
per second. From table Il(c) , corresponding to the area ratio of 2.131, 
Pq/p^ is 1.05 and I is 35.7. From table V, c* is 5788. Therefore, 

for these conditions, the pressure at the injector face is 

hnj - 600 (ife) + S7BB(g?l8L) K 35 - 7 ^- 17 ) ' M0] 

= 571.43 + 0.04865(1048) 

= 571.4 + 51.0 
= 622.4 lb/sq in. abs 


SUMMARY OF RESULTS 

A theoretical investigation of the performance of liquid ammonia 
with liquid oxygen was made for the following conditions: (l) equilibrium 

and frozen composition during expansion, (2) two chamber pressures (300 
and 600 lb/sq in. abs), (3) a wide range of oxidant-fuel weight ratios 
(0.564 to 7.046), and (4) a wide range of pressure ratios (l to 1500). 

The results of this investigation showed: 

1. The maximum values of specific Impulse for a chamber pressure of 
300 pounds per square Inch absolute and an exit pressure of 1 atmosphere 
(pressure ratio, 20.414) are 256.3 and 248.4 assuming equilibrium and 
frozen conposition, respectively, a difference of 3.2 percent. 

2. The maximum values of specific impulse for a chamber pressure of 
600 pounds per square inch and an exit pressure of 1 atmosphere (pressure 
ratio, 40.827) are 278.7 and 269.3 assuming equilibrium and frozen compo- 
sition, respectively, a difference of 3.5 percent. 

3. The difference between values of specific impulse due to the 
assumption of equilibrium or frozen composition during expansion is about 
6 percent for a pressure ratio of 1500. 

4. The maximum value of specific impulse occurs on the slightly fuel- 
rich side of stoichiometric. For frozen composition during expansion, the 
maximum value of specific impulse occurs at the same oxidant-fuel weight 
ratio independent of pressure ratio. For equilibrium composition during 
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expansion,, the maximum value of specific impulse shifts from the slightly 
fuel-rich side of stoichiometric to stoichiometric as pressure ratios 
increase. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, February 6, 1958 
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TABLE I. - PROPERTIES OP LIQUID PROPELLANTS 


Properties 

Ammonia 

Oxygen 

Molecular weighty ^ 

17.032 

32.00 

Density., g/cc 

a 0.68 

b 1.1416 


(at -33.4° C) 

(at -182.0° C) 

Freezing point , °C 

c -.77. 76 

c - 218. 76 

Boiling point, °G 

c -33.43 

c -182 .97 

Enthalpy required to convert 



liquid at h oiling point to 



gaseous elements at 25° C, 



kcal/mole 

d 17.14 

d 3.080 

Enthalpy of vaporization. 

c 5.581 

c 1.630 

kcal/mole 

(at -33.43° C) 

(at -182.97° C) 

Enthalpy of fusion. 

c 1.351 

c 0.106 

kcal/mole 

(at -77.76° C) 

(at -218.76° C) 


a Ref. 28. 
^Ref . 29. 
c Ref . 12. 
^Ref . 4. 
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TABLE II. - THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS PROM I TO 1500 

POR LIQUID AMMONIA WITH LIQUID OXYGEN 


(a) Combust ion-chamber pressure, 300 pounds per square Inch absolute} equilibrium 
composition during Isentroplc expansion 



PERCENT FUEL ■ 63*95* 0/F * 0*5M 



2*226 

0*206 

29*1 

1*013 

• 630 , 

88*3 

1*000 

• 712 

99*7 

1*004 

• 756 

105*9 

2*030 

1*258 

176*3 

3*093 

1*381 

193*5 

3*133 

1*384 

193*9 

4*123 

1*476 

206*8 

4*888 

1*478 

207*1 

7*629 

1*550 

217*2 

8*863 

1*571 

220*1 

14*191 

1*626 

227*6 

18*744 

1*653 

231*6 

26*680 

1*682 

235*7 

36*978 

1*705 

239*0 

43*167 

1*715 

240*4 

57*266 

1*732 

242*7 


R ■ 0*50* PERCENT FUEL - 36*67* . " 0/F 1 



3075.9 

14*516 

1*2616 

3064.0 

14.516 

1*2624 

2966.5 

14.516 

1.2695 

2968.9 

14.516 

1.2717 

2916*3 

14*516 

1*2735 

2632.4 

14*516 

1.3057 

2538.4 

14.516 

1.3200 

2535.8 

14.516 

1.3205 

2458.9 

14.516 

1.3335 

2456.7 

14.516 

1.3339 

2392.0 

14.516 

1.3449 

2372.9 

14.516 

1*3482 

2320.1 

14.516 

1.3571 

2293.4 

14.516 

1.3609 

2263.6 

14.516 

1*3632 

2239*5 

14*516 

1*3682 

2229*1 

14.516 

1*3696 

2211.7 

14*516 

1.3718 



0 • 279| 339*6 
196*3 
195.0 
195.5 


0*206 

32*1 

*626 

97.5 

.700 

109*2 

.731 

117.1 

1.260 

196*4 

1.387 

216*3 

1.390 

216*8 

1*486 

231*7 

1.489 

232*1 

1*565 

243.9 

1*586 

247*3 

1.645 

256*4 

1*674 

260*9 

1.705 

265*9 

1.730 

269.8 

1*741 

271*4 

1.759 

274.2 




0.266J 395*0 
•696 217.2 

1*000] 216*2 
1*100] 217*0 


2*172 0*203 

1*010 *616 
1*000 *682 
1.009 *743 



Ha 
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TUI2 II. - Continue!. THEORETICAL ROCSBT PERFORHAKCE AT ASS ItEffiD PRESSURE RATIOS FROM 1 TO 1500 
FOR LIQUID AHCHIA WHS LIQUID OUOEjr 


(a) Continued. Ccwhu b t lo a- chanter pressure, 300 pounds per square Inch absolute j 
equilibrium composition during is en tropic expansion 


Pressure 

ratio, 

Pe/P 

Static 

pressure, 

*> 

lb/sq in. 
abs 

Temper- 

ature, 

T, 

°K 

Enthal- 
py j 

cal/g 

Molecular 

veight, 

JC 

Iaen- 

tropic 

exponent, 

r 

Specific 

heat. 

Abso- 

lute 

viscos- 

ity, 

U, 

BLiCTO- 

poiaes 

Thermal 
conduc- 
tivity, • 

cal/ (sec) 
(at)(°K) 

Mach. 

number, 

1C 

Specific 
tabulae, 
Irac> 
(lb) (sec) 

Area 

ratio, 

e 

Thrust 

coeffi- 

cient, 

°F 

Specific 

Inpulse, 
I, , 

(lb) (sec) 

IS K°kT 

lb 

lb 





- 0.80* 

PERCENT FUEL 

* 47.01* 0/F 

1.127 




1*00 

300.00 

2734 

2471.0 

17.915 

1.1669 

0.9466 

762 

0*00083 






1*05 

265.71 

2717 

2456.3 

17.924 

1.1679 

• 9345 

759 

•00081 

0.290 

401.6 

2.151 

0.201 

35.8 

1*60 

187.50 

2563 

2333.2 

17.996 

1.1777 

.8356 

730 

•00071 

.909 

222.0 

1.008 

• 613 

109*5 

1*76 

170.41 

2528 

2306.4 

18.009 

1.1802 

• 8150 

725 

*00069 

1.000 

221.1 

1.000 

• 670 

119*7 

2*00 

150.00 

2482 

2271.1 

18.026 

1.1837 

• 7886 

714 

• 00066 

1.111 

222.1 

1.011 

.739 

131.9 

10*00 

30.00 

1893 

1884.7 

18.112 

1.22&9 

.5974 

597 

•00044 

2.145 

265.9 

2.241 

1.265 

225.9 

20*00 

15.00 

1661 

1749 • 8 

18.115 

1.2396 

.5683 

547 

•00039 

2*528 

282.2 

3.544 

1.403 

250.5 

20.41 

14,70 

1654 

1746.0 

18.115 

1.2399 

.5676 

546 

•00038 

2.539 

282.6 

3.594 

1.407 

251.2 

40.00 

7.50 

1449 

1631.7 

18.116 

1.2514 

.5461 

499 

•00034 

2.906 

295.8 

5.T31 

1.514 

270.2 

40.63 

7.35 

1443 

1628.4 

18.116 

1*2518 

.5455 

497 

•00034 

2.917 

296.2 

5.815 

1.517 

270.8 

60.00 

3.75 

1257 

1529.0 

18.116 

1.2640 

.5251 

452 

.00030 

3.288 

307.3 

9.387 

1.604 

286.3 

100.00 

3.00 


1498.9 

18.116 

1.2684 

• 5184 

438 

.00029 

3.414 

310.5 

11.022 

1.629 

w.Wwm 

200.00 

1.50 

' I 

1414.2 

18.116 

1.2826 

.4979 

394 

.00025 

3.815 

319.5 

18.203 

1.699 

e ! ■ H 

300.00 

1.00 

■El 

1370.3 

18.116 

1.2909 

• 4867 

370 

.00023 

4.060 

324.0 

24.443 

1.734 

E ' " !■ 

500.00 

• 60 

839 

1320.4 

18.116 

1.3015 

.4735 

340 

.00021 

4.382 

329.1 

35.455 

1.772 

316.4 

600.00 

.37 

75Z 

1279.4 

18.116 

1.3109 

• 4625 

314 

•00019 

4.695 

333.2 

49.927 

1.804 

322.0 

1000.00 

• 30 

713 

1261.5 

18.116 

1.3151 

.4578 

301 

•00018 

4.850 

334.9 

58.736 

1.817 

324.4 

1500.00 

• 20 

644 

1231.3 

18.116 

1.3223 

.4500 

284 

.00017 

5.143 

337.8 

78.899 

1.840 

328.4 





■ 0.90. 

PERCENT FUEL 

- 44.09* 0/F 

1.268 




1.00 

300.00 

2877 

2319.5 

18.816 

1.1439 

1.2266 

798 

o.ooios 






1.05 

285.71 

2*62 

2304.7 

18.831 

1.1*43 

1.2148 

795 

.00107 

0.292 

402.3 

2.134 

0.199 

35.9 

1.60 

187.50 

2731 

2180.9 

18.956 

1.1481 

1.1072 

770 

.00095 

• 919 

223.2 

1.006 

.609 

109.8 

1.74 

172.33 

2704 

2156.8 

18.979 

1.1491 

1.0847 

765 

•00093 

1.000 

222.5 

1.000 

.660 

119.0 

2.00 

150.00 

2661 

2117.9 

19.015 

1.1510 

1.0470 

757 

•00089 

1.122 

223.8 

1.013 

.735 

132.5 

10.00 

30.00 

2135 

1717.1 

19.278 

1.1950 

.6645 

653 

.00052 

2.140 

270.8 

2.320 

1.270 

229.0 

20.00 

15.00 

1900 

1573.1 

19.307 

1.2156 

• 5881 

604 

.00043 

2.506 

288.2 

3.704 

1.414 

W - , " Tm 1 

20.41 

14.70 

1893 

1569,1 

19*308 

1.2161 

• 5866 

602 

.00043 

2*517 

288.7 

3.757 

1.418 

V-- ?■ 

40.00 

7.50 

1675 

1445.7 

19.315 

1.2303 

• 5510 

555 

.00038 

2.871 

302.9 

6.033 

1.530 

Wi L : 

40.83 

7.35 

1668 

1442.2 

19.315 

1.2306 

• 5502 

554 

•00038 

EDS 

303.3 

6.122 

1.533 

276.3 

80.00 

3.75 

1467 

1333.8 

19.316 

1.2422 

.5277 

507 

•00033 

3.243 

315.3 

9.95-1 

1.625 

292.9 

100.00 

3.00 

1404 

1300.9 

19.316 

1.2461 

• 5209 

492 

.00032 

3.364 

318.8 

11.711 

1.652 

297.7 

200.00 

1.50 

1221 

1207.4 

19.316 

1.2587 

• 5006 

447 

•00028 

3.751 

328.6 

19.495 

1.726 

311.1 

300.00 

1.00 

Bl ■i'M 

1158.5 

19.316 

1.2666 

.4807 

421 

>00026 

3.985 

333.6 

26.305 

1.763 

317.8 

500.00 

• 60 


1102.6 

19.316 

1.2771 

• 4741 

390 

•00024 

4.291 

339.2 

38.394 

1.805 

325.4 

600.00 

• 37 

iJtiJ 

1056.4 

19.316 

1.2868 

.4616 

362 

.00021 

4.586 

343.8 

5*4.374 

1.839 

331.5 

1000.00 

• 30 

863 

1036.1 

19.316 

1.2914 

• 4559 

349 

.00020 

4.731 

345.7 

64.136 

1.854 

334.2 

1500.00 

• 20 

787 

1001*7 

19.316 

1.2997 

• 4461 

338 

.00019 

5.005 

349*0 

86.552 

1.879 

338.6 





1 « 0.95. 

PERCENT FUEL 

* 42*76* 0/F 

1.339 




1.00 

300.00 

2913 

2250.6 

19.201 

1.1381 

1.3349 


0.00119 





■H 

1.05 

285.71 

2899 

2235.9 

19.218 

1.1382 

1.3256 


.00117 

0.293 


2.130 

0.199 


1.60 

187.50 

2774 

2112.9 

19.361 

1.1395 

1.2397 


•00107 

.921 


1.006 

• 608 


1.73 

172.91 

2751 

2089.9 

19.387 

1.1399 

1.2220 


•00105 

1.000 


1.000 

.657 

Sfms 

2.00 

150.00 

2709 

•2050*2 

19.432 

1.1408 

1.1901 

770 

.00102 

1.126 

223.3 

1.014 

• 734 

132.1 

10.00 

30.00 

2234 

1647.3 

19.815 

1.1704 

.7776 

676 

.00061 

2.145 

271.7 

2.364 

1.273 

229.1 

20.00 

15.00 

2015 

1499.8 

19.883 

1.1957 

• 6375 

631 

•00048 

2.498 

289.9 

3.808 

1.420 

255.6 

20*41 

14.70 

2008 

1495.7 

19.887 

1.1964 

*6345 

629 

•00048 

2.508 

290.4 

3.863 

1.424 

256.3 

40.00 

7.50 

1791 

1368.1 

19.910 

1.2173 

.3646 

583 

•00040 

2.848 

305.2 

6.237 

1.540 

277.1 

40.63 

7.35 

1784 

1364.5 

19.910 

1*2178 

• 3633 

582 

.00040 

2.859 

305.6 

6.330 

1.543 

277.7 

80*00 

3.75 

1577 

1251.7 

19.915 

1*2316 

• 5315 

535 

•00035 

3.210 

318.0 

10.324 

1.638 

294.8 

100.00 

3.00 

1512 

1217.3 

19.916 

1.2355 

• 5238 

520 

•00034 

3.330 

321*7 

12.164 

1*666 

299*8 

200.00 

1.50 

1321 

1119.5 

19.916 

1.2477 

• 5026 

474 

•00030 

3.709 

332.0 

20.318 

1*743 

313.7 

300.00 

1.00 

1218 

1068.1 

19.916 

1.2551 

• 4910 


•00028 

3.938 

337.3 

27.476 

1*782 

320.8 

500.00 

. 60 

1096 

1009.2 

19.916 

1.2651 

.4762 


•00025 

4.236 

343.1 

40.222 

1.826 

328.7 

800.00 

.37 

992 

960.2 

19.916 

1.2747 

• 4630 


•00023 

4.523 

347.9 

57.122 

1.862 

335.1 

1000.00 

• 30 

945 

938.7 

19.916 

1.2792 

• 4571 

374 

•00022 

4.664 

350.0 

67.468 

1.877 

337.9 

1500.00 

.20 

864 

902.1 

19.916 

1.2877 

.4466 

368 

•00021 

4.929 

353.5 

91.270 

1.903 

342.5 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED FKESSlfflE RATIOS FROM 1 TO 1500 

FOR LIQUID AMMONIA WITH LIQUID OXYGEN 


(a) Continued. Combustion-chamber pressure, 300 pounds per square inch absolute) 
equilibrium composition during isentropie expansion 


Pressure 

ratio. 

bJt 

Static 

pcesaore, 

lb/.fl la. 
aba 

Tw«r- 

atura, 

1, 

°K 

Enthal- 

py/ 

c*l/g 

Molecular 

V*Ight, 

Iaen- 

troplc 

•xjjoc.nt, 

r 

Specific 
heat , 

V 

Abso- 

lut# 

viscos- 

ity, 

P/ 

aicro- 

poiaea 

Thermal 

conduc- 

tivity, 

oal/(see) 

Mach 

number, 

K 

Specific 
iapulae s 

*T»C/ 

(lhHaac) 

Area 

ratio, 

= 

Throat 

coeffi- 

cient. 

Or 

specific 

bvalaa, 

(lb)faac) 

Tiim 

lb 

n» 





■ 1 . 00 * 

PERCENT FUEL 

■41.51. O/P 

1.409 




l»oo 

300*00 

2929 

2185 #7 

19.542 

Z . 1369 

1.3651 

• IT 

0.05122 






l.os 

285,71 

2914 

Z17J,? 

19.560 

1.1360 

1.3572 

814 

fsum 

0,294 

398.3 

2.228 

0.191 

*5.5 

1*60 

167,50 

?7»2 

2049.6 

19.7H 

1.1365 

1.2«45 

791 

•poll? 

.922 

221.3 

1.006 

• 60* 

108.8 

1.7* 

173,12 

2769 

2027*3 

19.738 

1 , 1 HT 

z«*m 

786 

♦ PP1JC! 

1.000 

220.7 

1.000 

.656 

117.4 

2.00 

150,00 

2728 

19|7, 7 

19.7*7 

1.1371 

1.2432 

778 

.00107 

1.128 

222.1 

1.015 

• 7*5 

131.3 

io. oe 

30. go 

2283 

1587.6 

20.239 

1.1520 

.9129 

689 

• pOO 71 

2.153 

270.9 

2.388 

1.275 

228.1 

20,00 

15.00 

2089 

7*59,5 

20*368 

1*1665 

•7746 

649 

• M058 

2.506 

289.6 

3.887 

1.424 

254.9 

20.41 

14.70 

209* 

14>fl,l 

20*371 

1.1670 

.7708 

64* 

.P0Q58 

2.516 

290.2 

3.945 

1.428 

255.6 

40,00 

7*30 

1891 

1305,0 

20.431 

1.1861 

• 6592 

607 

.00047 

2.643 

305.7 

6.453 

1.547 

276.8 

40.83 

7,3» 

1885 

1301,? 

20.453 

1.1868 

• 6562 

606 

•00047 

2.853 

306.1 

6.351 

1.550 

277,4 

• 0.90 

3,75 

1691 

1184.5 

20,494 

1.2080 

.9771 

563 

•0PQ39 

3,110 

*19.3 

10.799 

1.649 

295.2 

100 . po 

3.00 

1627 

1149,7 

20*502 

1.2143 

• 5580 

549 

. ^o5>37 

3.291 

*23.2 

12.756 

1.678 

300.4 

200*00 

1,50 

1434 

1Q46.Q 

20.513 

1,2327 

• 5153 

503 

•PP032 

3.649 

334.1 

21.438 

1*759 

314.9 

100,00 

1.00 

1326 

991,8 

20.515 

1«?418 

.4983 

477 

•P9930 

3.869 

339.7 

29.067 

1.801 

322.3 

300.00 

.60 

1199 

929.3 

20*516 

1.2323 

• 4610 

445 

. pup 27 

4.157 

345.9 

42.681 

1.8*7 

330.6 

tOQ.QO 

• 37 

1089 

•77.3 

20.516 

2*2619 

•4668 

415 

•00024 

4.4J4 

351.0 

60.786 

1.885 

337.4 

1000.00 

• 30 

1039 

954,3 

20.516 

1,2664 

•4604 

402 

• p0023 

*•370 

353.2 

72,892 

1.902 

340.4 

1 * 00,00 

.20 

95* 

813.2 

20.516 

1.2747 

• 4494 

402 

.00023 

4.823 

357.0 

97.495 

1.929 

345.3 





- 1 . 10 . 

PERCENT FUEL 

- 39.22. 0/P 

1,550 




l.oo 

300.00 

2913 

2066.7 

20*113 

1.1366 

1.2463 

82? 

0. Q0113 






1.03 

203,71 

2898 

2052.7 

20.131 

1.1387 

2.2393 

820 

•00112 

0.293 

391.5 

2.139 

0.199 

34.9 

1.60 

197.50 

277* 

1935.3 

20.275 

1.1402 

1.1574 

795 

*00102 

.921 

217.5 

1.006 

.608 

107.0 

1.74 

172.87 

2749 

1913.3 

20.302 

1.1406 

1.1409 

791 

•poioo 

1.000 

216.8 

1.000 

.657 

115.3 

2.00 

159*00 

2707 

1675.4 

20.347 

1.1415 

1.1117 

782 

•poo 97 

1.126 

218.2 

1,014 

.734 

129.0 

10.00 

30.00 

2236 

149Q.9 

20.739 

1.1633 

.7848 

686 

• 00062 

2.150 

265.5 

2.368 

1.273 

223.8 

20.00 

13.00 

2030 

1349.6 

20.834 

1.1794 

.6769 

643 

.60051 

2.506 

283.5 

3.836 

1.421 

249.8 

20,41 

14.70 

202 * 

1345.6 

20.836 

1.1800 

.6741 

642 

• 0OC51 

2.517 

284.0 

3.892 

1.423 

250.9 

40.00 

7.50 

1823 

1222,4 

20*8*9 

1.1979 

,5972 

596 

.00043 

2.851 

298.9 

6.334 

1.342 

271.0 

40.83 

7.35 

HIT 

1228.9 

20,890 

1.1984 

,5952 

397 

•00043 

2.861 

299.3 

6.430 

1.345 

271.6 

90.00 

3,75 

1621 

1109.0 

20,916 

1.2162 

• 5421 

552 

•00036 

3.198 

311.9 

10.560 

1.642 

261.7 

100.00 

3.00 

1557 

1075.3 

20.921 

1,2219 

• 5284 

337 


3.312 

315.6 

12,464 

1.671 

293.7 

200.00 

1.30 

1368 

979.1 

20.928 

1.2369 

.4945 

492 

•9C030 

3.677 

326.0 

20.903 

1.730 

307.6 

300.00 

1.00 

1264 

928.5 

2Q.930 

1.2*9* 

.4794 

466 

. OOQ26 

3.900 

331.3 

28.314 

1.790 

314.7 

300.00 

.60 

1140 

870.2 

20.931 

1.2582 

• 4628 

, *33 

•QO025 

4.191 

337.3 

41.518 

1.835 

322.7 

• 00.00 

.37 

1034 

821.7 

20.931 

1.2681 

,4491 

404 

•Q0023 

4.472 

342.1 

59.048 

1.872 

329.1 

1000.00 

.30 

986 

800.3 

20,931 

1.2727 

.4431 

391 

•00022 

4.612 

344.2 

69.789 

1.888 

332.0 

1500.00 

.20 

903 

764.0 

20.931 

1.2821 

,4327 

386 

•00021 

4.871 

347.8 

94.526 

1.915 

336.7 





» 1 , 20 . 

PERCENT FUEL 

■ 37.16. 0/P 

1.691 




1.00 

300.00- 

2871 

1960.2 

20,593 

1.1425 

1.1178 

8 22 

0.00102 






1.03 

285.71 

2156 

1946.7 

20.609 

1.1427 

1.1093 

819 

.00101 

0.293 

384.1 

2,133 

0*299 

34.2 

1.00 

187.30 

2726 

1833.7 

20.742 

1.1448 

1.0346 

793 

•Q0092 

.920 

213.2 

1.006 

.609 

104.9 

1.74 

172.57 

2701 

1812.2 

20.767 

1.1434 

1.0197 

768 

•00690 

1 . 000 ] 

212.6 

1.000 

.659 

113.5 

2.00 

150.00 

2659 

1776. 2 

20.807 

1.1464 

• 9945 

780 

•00087 

1.124 

213.8 

1.014 

• 734 

124.5 

10.00 

30.00 

2175 

1408.1 

21,154 

1.1691 

• 7271 

679 

•00037 

2.150 

259.7 

2.355 

1,272 

219.2 

Zo.oo 

13.00 

1968 

1273,5 

21.235 

1.1951 

,6378 

635 

•0Q048 

2.509 

277.2 

3.805 

1.419 

244.4 

20.41 

14.7Q 

1962 

1269.7 

21.237 

1.1936 

.6355 

633 

•00048 

2.519 

277.7 

3.861 

1.423 

245.1 

40.00 

7. SO 1 

1762 

1152.7 

21.283 

1,2035 

.5686 

589 

•ooo*o 

2.856 

292.2 

6.279 

1.539 

245.1 

40, •» 

7.33 

1756 

1149.3 

21,284 

1.2041 

.5669 

386 

.00040 

2.866 

292.3 

6.364 

1.542 

265.6 

10,00 

3.73 

1562 

1045,5 

?!»>?> 

1.2220 

• 5192 

543 

•00035 

3.206 

304.6 

10.4*2 

1.638 

282.2 

1Q5.00 

3.00 

1499 

1013.4 

11*309 

1,2276 

.5067 

528 

•00013 

3.321 

308.2 

12.304 

1.866 

287.0 

200.00 

1.30 

1514 

922.6 

21,315 

1.2443 

• 4769 

482 

.00029 

3.690 

318.2 

20.590 

1.744 

300.5 

300,00 

1.00 

1212 

874,9 

21.316 

1,2531 

•4620 

456 

• »W26 

3.916 

323.3 

27.856 

1.784 

307,3 

500.00 

• 60 

1091 

820.1 

22.317 

1.2640 

• 4465 

424 

•00024 

4,211 

329.0 

40.783 

1.829 

315,0 

900.00 

.37 

988 

774.6 

21.317 

1.2738 

• 4338 

395 

.00022 

4.697 

333.7 

57.9.23 

1.865 

321.2 

1000.00 

• 30 

941 

734*5 

21.317 

1.278* 

• 4261 

382 

•00521 

4.63T 

335.7 

68.417 

1.880 

323.9 

1500.00 

.20 

661 

720*5 

21.317 

1.2667 

• 4163 

376 

.00020 

4.900 

339.1 

92.559 

1.907 

328.4 





- l.SO. 

PERCENT FUEL 

■ 32.12 , O/P 

2.114 




1.00 

300.00 

!7!l 

1698.4 

21*714 

1.1904 

0.90 74 

809 

0.00083 






1.03 

293.71 

?7;2 

1666.3 

21.797 

1.1507 

• 9009 

806 

.00982 

0.292 

364.0 

2.138 

0.199 

32,5 

1.60 

187.50 

2379 

1565.0 

21.908 

1.1540 

• 8450 

779 

•00075 

.917 

201.8 

1.007 

• 610 

99,3 

1.74 

172.00, 

2351 

1564.9 

21.929 

1.1546 

.8333 

773 

• 00073 

1.000 

201.1 

1.000 

• 66 ? 

107.8 

2.00 

150.00 

2509 

1533.fi 

21,962 

1.1562 

• 9152 

764 

,0b071 

1.121 

202.2 

1.013 

• 736 

119.8 

10.00 

30*90 

2013 

1206.6 

22,230 

1.1845 

• 6144 

638 


2.146 

244.7 

2.323 

1.272 

206.9 

20.00 

13.00 

1804 

1088.6 

22.286 

1.2028 

.5472 

611 

•OpO40 

2.511 

260.7 

3.732 

1.415 

230.4 

20*41 

14.70 

1798 

1085.3 

22.287 

1.203? 

,5453 

609 

•00040 

2.521 

261.2 

3.786 

1.419 

231.0 

40.00 

7.30 

1600 

983.3 

22*314 

1,2219 

,4971 

563 

• t) tK>3* 

2.866 

274.3 

6.106 

1.532 

249.4 

40.93 

7.33, 

1594 

980.6 

22.314 

1*2225 

• 4959 

562 

•06034 

2.877 

274,6 

6.197 

1.535 

249.9 

90.00 

3.75 

1405 

89Q. 8 

22.325 

1.2400 

• 4620 

313 

,00030 

3.227 

285.6 

10.018 

1.628 

269.1 

100,00 

3.00 

1*45 

843.5 

22.327 

1.2453 

.4532 

300 

.66020 

3.346 

288.9 

11,874 

1.656 

269.5 

200,00 

1.50 

1170 

786.0 

22.329 

1.2604 

.4310 

435 

.00025 

3.729 

297*8 

19,750 

1.731 

281.8 

300.00 

1.00 

1075 

743.j 

22.329 

1.2690 

.4199 

429 

•06623 

3.96? 

302.4 

26.630 

1.769 

288.0 

500,00 

, 6 C 

963 

699.2 

32,329 

1.2794 

.4075 

397 

•00021 

4.270 

307.5 

38.831 

1.811 

294.9 

900.00 

.37 

868 

661.0 

22.329 

1.2990 

• 3969 

368 

•00019 

4.566. 

311.6 

54.950 

1.844 

300,5 

1000*00 

.30 

825 

644.2 

22.329 

1.2936 

.3922 

355 

.00018 

4.711 

313.4 

**.? 94 

1.860 

302.9 

1500.00 

.20 

732 

613.7 

22.329 

1.3017 

.3840 

345 

•0PC17 

4.986 

316.4 

•7.389 

1.885 

306.9 



C Q“ 4 4663 


NA.CA EM E58A21 


25 


TABLE II. - Continued. THEORETICAL ROCKET EEKFORMAKCE AT ASSIGNED PRESSURE RATIOS PROM 1 TO 1500 

FOR LIQUID AMMONIA WITH LIQUID OXYGEEN 


(a) Concluded. Combustion-chamber pressure, 300 pounds per square inch absolute; 
equilibrium composition during isentropic expansion 
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800.00 

.37 

524 

388.9 

25.438 

1.3385 

•3089 


272 

.00011 

4.817 

242.8 

65.767 

1.776 

235.2 

1000*00 

.30 

495 

380.1 

25.438 

1.3423 

• 3063 


261 

.00011 

4.983 

243.9 

53,669 

1.788 

236.8 

1500*00 

• 20 

446 

365.2 

25.436 

1.3*91 

.3019 


242 

.00010 

5.296 

245.9 

71.702 

1.809 

239.6 





- 4.00, 

PERCENT FUEL 

- 

15.07, 0/F 

5.636 




1*00 

300.00 

1875 

814.0 

26.561 

1.2253 

0*4158 


672 

0.00034 






1.05 

285*71 

1858 

807*1 

26.563 

1.2266 

•4135 


668 

•00034 

0.283 

272.7 

2.187 

0.204 

24.3 

1.60 

187*50 

1717 

750*8 

26.579 

1.2377 

*3939 


633 

•00031 

• 891 

149.3 

1.011 

• 621 

74.1 

1*80 

166.91 

1680 

736,1 

26.562 

1.2406 

.3893 


624 

.00030 

' 1.000 

168.7 

1.000 

.690 

•2*3 

2.00 

150*00 

1645 

722*8 

26.584 

1.2433 

• 3853 


616 

•00029 

1.092 

149.1 

1.007 

• 747 

89.1 

10.00 

30.00 

1179 

554*0 

26.595 

1*2773 

.3442 


493 

•00022 

2.149 

175.9 

2.137 

1.261 

150.4 

20.00 

15.00 

1012 

497*8 

26.596 

1*2901 

• 3322 


445 

.00019 

2.548 

185.8 

3.323 

1.392 

166.0 

20*41 

14.70 

1007 

495*8 

26.596 

1*2905 

• 3319 


444 

.00019 

2.560 

186.1 

3.368 

1.395 

166.4 

40.00 

7.50 

864 

448*9 

26.596 

1*3028 

• 3215 


399 

•00017 

2.947 

196.0 

5.282 

1.494 

178.2 

40*13 

7.35 

859 

447*5 

26.596 

1.3032 

• 3211 


398 

.00016 

2.959 

194*2 

5.356 

1.497 

178.6 

80*00 

3*75 

735 

407.6 

26.596 

1*3163 

*3110 


356 

.00014 

3.358 

ZOO. 7 

8.500 

1.577 

188.0 

100.00 

3.00 

695 

395*7 

26.596 

1*3205 

• 3078 


343 

•00014 

3.494 

202.6 

9.924 

1.600 

190.8 

200.00 

1*50 

515 

362.6 

26.596 

1*3341 

• 298 3 


303 

•00012 

3.933 

207.8 

16.104 

1.662 

198.2 

300.00 

1.00 

528 

345.8 

26.596 

1*3416 

*2934 


211 

,00011 

4.204 

210.4 

21.408 

1.692 

20Z .8 

500,00 

• 60 

463 

326.9 

26.596 

1*3509 

.2877 


254 

.00010 

4.564 

213.2 

30.675 

1.726 

205.9 

800*00 

.37 

410 

311.5 

26.596 

1*3580 

• 2834 


231 

*00009 

4,91* 

215.5 

42.731 

1.752 

209.1 

1000.00 

.30 

386 

304.9 

26.596 

1*3608 

• 2818 


221 

•00008 

5.091 

216.4 

50.025 

1.7*5 

210.5 

1500*00 

• 20 

347 

293.8 

26.596 

1*3650 

• 2794 


203 

.00008 

5.424 

218.0 

66.633 

1.784 

212.7 





» 5.00 

PERCENT FUEL 

- 

12*43, 0/F 

7.046 




1.00 

300.00 

1640 

677.0 

27.397 

1*2496 

0*3655 


621 

0.00028 






1*05 

285.71 

1624 

671.3 

27.398 

1.2507 

.3640 


617 

•00028 

0>Z(0 

251.0 

2.200 

0.205 

22*4 

1.60 

187.50 

1491 

623.7 

27.403 

1.2601 

.3523 


583 

•00026 

.88$ 

irr .2 

1.013 

• 624 

68.1 

1.81 

IH #69 

1433 

610.5 

27.404 

1.2628 

.3493 


573 

• 00025 

1.000 

136.4 

1.000 

• 697 

76.1 

2.00 

15’0. 00 

1424 

600.1 

27.404 

1.2640 

.3470 


565 

• 00025 

1.085 

136.7 

2.006 

• 750 

81.8 

10.00 

30.00 

1002 

459.7 

27.406 

1.2941 

.3191 


448 

.00018 

2.151 

160.5 

2.106 

1.260 

137.5 

20*00 

15.00 

853 

413.2 

27.406 

1.3064 

.3091 


402 

•00016 

2.555 

169.3 

3.257 

1.389 

151.5 

20.41 

14.70 

869 

411.9 

27.406 

1.3068 

.30*a 


400 

•00016 

2.567 

169.5 

5*301 

1.392 

151*9 

4C.00 

7.50 

723 

373,6 

27.406 

1.3198 

.2993 


358 

•00014 

2.961 

176.5 

5*149 

1.489 

162*5 

40.83 

7.35 

720 

372,6 

27.406 

1.3201 

.7990 


*57 

•00014 

2.973 

176.7 

5.221 

1.492 

162.8 

80*00 

3.75 

610 

340.2 

27.406 

1.3335 

.?89* 


317 

•00012 

3.380 

182.4 

8.241 

1.569 

171.2 

roo.oo 

3.00 

577 

330.6 

27.M36 

1.3378 

.2871 


305 

.00012 

3.519 

184.1 

9.603 

1.591 

173.6 

200.00 

1.50 

48 3 

30 *-.0 

27.406 

1,3509 

.7792 


267 

•00010 

3,972 

188,6 

15.499 

1.651 

180.2 

30C.CO 

l.CKT 

434 

290.5 

27.406 

1.3579 

.2731 


247 

.00009 

4.252 

190.9 

20.540 

1.681 

183.4 

500.00 

• 60 

379 

Z75.5 

27.406 

1.3649 

.2712 


222 

•00008 

4.626 

193.3 

29.326 

1.713 

186.9 

ICO. CO 

.37 

33< 

263.4 

27. *06 

1*3697 

.2687 


201 

.00007 

4.993 

195.3 

4C*744 

1.739 

189*7 

looo.oa 

.30 

313 

258.1 

27.406 

1*3715 

.2677 


191 

.00007 

5.175 

196.1 

47.446 

1*750 

190.9 

1500,90 

• 20 

282 

249.4 

27.406 

1.3740 

• 2664 

_ 

175 

•00006 

5.520 

197.5 

63.359 

1*768 

192*9 
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TAELS XI. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED IEESSURE RATIOS FROM 1 TO 1500 


FOR LIQUID AMMONIA WITH LIQUID OXYGEN 

(b) Combustion-chamber pressure, 300 pounds per square inch absolute; frozen 
composition during isentropic expans ion 


Pr*s*ure 

r*tio, 

Pe/P 

Static 

pr«*»ur«, 

lb/*q in. 

aba 

Temper- 

ature, 

r. 

Xnthal- 

VY, 

. 

o«L/g 

Molecular 

weight, 

-/ 

Ieeo- 

trepic 

exponent, 

r 

Spec trie Ab*o- 
beat, late 

cp, rlacoe- 
cal ity, 

TSTTO *, 

Micro - 
poiaea 

Tbcraal 

conduc- 

tivity, 

ste 

Micb 

ousfber, 

K 

Specific 

tabulae, 

J vac. 

(Lb^aec) 



Area 

ratio, 

s 

Thruat 

coeffi- 

cient, 

°t 

Specific 

Impulse, 

(lbjlitc) 



R ■ 0.40. 

PERCENT FUEL 

> 63.93. 0/F 

0.54 




t. 00 

300.00 

1349 

3350.2 

13.316 

1.2956 

0.6540 

453 

0.00030 






1.05 

285.72 

1334 

3340.4 

13.316 

1.2966 

.6524 

43Q 

.00030 

0.273 

326.2 

2.224 

0.200 

29*1 

1*60 

187.50 

1210 

3260.3 

13.316 

1.3053 

■ 6381 

421 

.00035 

.072 

177.0 

1.015 

• 630 

08.3 

1*84 

163.20 

1171 

3233.9 

13.316 

1.3082 

.6333 

412 

•00034 

1.000 

176.0 

1.000 

.712 

99*7 

2.00 

150.00 

1148 

3221.3 

13.316 

1.3100 

.6307 

406 

•00033 

1.072 

176.3 

1.004 

• 756 

105.9 

10.00 

30.00 

772 

2993.1 

13.314 

1.3421 

• 5833 

309 

.00024 

2.149 

204.7 

2.030 

1*238 

176*3 

20*00 

13.00 

646 

2919.9 

13.316 

1.3930 

• 3720 

272 

.00021 

2.569 

223.2 

3.093 

1*301 

193.5 

20*41 

14.70 

643 

2917.9 

13.316 

1.3532 

.3717 

271 

•00021 

2.581 

215.4 

3.133 

1.304 

193.9 

40.00 

7.30 

53 8 

2856.8 

13.316 

1.3628 

.5617 

237 

•00010 

2.998 

223.7 

4.023 

1.476 

206.4 

40.83 

7.33 

335 

2057.1 

13.316 

1.3620 

.5613 

236 

«oooi4 

3.011 

223.9 

4.888 

1.470 

207.1 

90.00 

3.73 

447 

2007.9 

13.316 

1.3680 

• 5348 

206 

.00015 

3.447 

230.6 

7.629 

1.550 

217.2 

100.00 

3.00 

42 2 

2793.3 

13.316 

1.3696 

• 5530 

196 

•00015 

3.597 

232.5 

8.063 

1*571 

220.1 

200.00 

1.50 

349 

2753.8 

13.316 

1.3744 

.3478 

168 

•00012 

4.003 

237.7 

14.191 

1*626 

227.4 

300.00 

1.00 

312 

2733.8 

13.316 

1.3768 

.3433 

154 

.00011 

4.303 

240*3 

10.744 

1*453 

231.4 

300*00 

■ 60 

271 

2711.6 

13.316 

1.3793 

.5427 

136 

.00010 

4.781 

24«.2 

26.600 

1*402 

235.7 

800*00 

• 37 

236 

2693.7 

13.316 

1.3842 

• 5377 

122 

.00009 

5.163 

245.3 

36.970 

1*705 

239.0 

1000.00 

r30 

224 

2686. 0 

13.316 

1.3871 

• 5348 

115 

•00008 

5.351 

246.4 

43.107 

1.715 

240*4 

1500.00 

• 20 

200 

2673.2 

13.316 

1.3927 

• 5293 

104 

• 00007 

5.707 

24«.0 

57.266 

1.732 

242*7 





- 0.30. 

PERCENT FUEL 

- 58.6 

7. 0/F ■ 

0.70 





1*00 

300.00 

1784 

3073.9 

14.316 

1.2623 

0.6580 

555 

0.00046 






1*03 

283.71 

1766 

3064.0 

14.316 

1.2630 

.6573 

351 

•00046 

0.279 

359.6 

2.206 

0*206 

32*1 

1.60 

187.30 

1617 

2966.3 

14.316 

1.2697 

.6444 

520 

.00042 

• 082 

196.3 

1.013 

• 624 

97.5 

1.62 

165.20 

1574 

2938.9 

14.316 

1.2719 

.6404 

510 

.00041 

1.000 

195.0 

1.000 

• 700 

109*2 

2.00 

150.00 

1541 

2918.3 

14*316 

1.2736 

.6372 

503 

•00041 

1.003 

195.5 

1.006 

.731 

117*1 

10.00 

30.00 

1074 

2632.5 

14.516 

1.3037 

.5847 

394 

•00030 

2.149 

229.0 

2.090 

1.260 

196*4 

20.00 

13.00 

911 

2338.5 

14.516 

1.3201 

• 5646 

351 

.00026 

2.553 

241.3 

3.210 

1.347 

214*2 

20.41 

14.70 

906 

2335.9 

14,316 

1.3203 

.5641 

350 

.00026 

2.568 

241.7 

3.241 

1.390 

214*0 

4C.00 

7.30 

768 

2459.0 

14.516 

1.3335 

.5474 

311 

.00022 

2.967 

251.4 

5.064 

1.406 

231*7 

40. S3 

7.33 

764 

2456.9 

1 & * 516 

1*3339 

.5469 

310 

.00022 

2.979 

251.7 

5.134 

1.409 

232*1 

80.00 

3.73 

644 

2392.2 

14*316 

1.3430 

• 5538 

273 

• 00019 

3.396 

259.6 

6.071 

2.565 

243*9 

100.00 

3.00 

608 

2373.0 

14,516 

1.3462 

.5301 

262 

.00018 

3.539 

261.9 

9.393 

1.504 

247*3 

200.00 

l.SC 

308 

2320.2 

14.316 

1.3371 

.5203 

226 

.00016 

a. 003 

260.2 

13.125 

1.643 

256.4 

300.00 

1.0C 

456 

2293.5 

14,516 

1.3609 

.5163 

210 

•00014 

4.292 

271.3 

20.032 

1.674 

260.9 

300.00 

»6C 

398 

2263.7 

14.516 

1.3630 

.5120 

100 

.00013 

4.673 

274.0 

28.600 

1.703 

245.6 

800.00 

• 37 

331 

2239.6 

14.516 

1.3683 

• 5086 

169 

•00012 

5.045 

277.3 

39.733 

1.730 

249*7 

1000.00 

.30 

330 

2229.2 

14.516 

1.3696 

.5073 

161 

• soon 

3.228 

278.7 

46.503 

1.741 

271*4 

1500*00 

.20 

296 

Z211«9 

14.516 

1.3717 

.5053 

146 

•00010 

3.573 

200.6 

61.080 

1.759 

274*2 





■ 0.60 

PERCENT FUEL 

- 34.19. 0/F 

0.043 | 

1.00 

300.00 

2169 

2853.5 

13.708 

1.2400 

0.6535 

639 

0.00052 






1.05 

285.71 

2149 

2830.1 

13.708 

1.2406 

• 6523 

635 

.00051 

0.201 

301.4 

2.193 

0.203 

34*0 

1.60 

167.5C 

1979 

2720.2 

15.708 

1.2456 

.6416 

602 

.00040 

• 889 

200.7 

1.012 

.623 

100*4 

1.80 

166.39 

1933 

2691.0 

15.708 

1.2472 

• 6383 

393 

.00047 

1.000 

207.6 

1.000 

• 493 

115.2 

2*00 

150.00 

1893 

2663.6 

13.708 

1*2486 

• 6354 

385 

.00046 

1.091 

208.2 

1.007 

.744 

124*4 

10.00 

30.00 

1357 

2337.0 

15.708 

1.2750 

• 3865 

468 

•00035 

2.151 

243.5 

2.139 

1.242 

209*5 

20.00 

15 .OC 

1163 

2226.6 

13.708 

1.2888 

.5646 

421 

•00030 

2.548 

259.4 

3*320 

1.39S 

231.7 

20.41 

14.7C 

1160 

2223.6 

15.708 

1.2892 

.5639 

420 

•00030 

2.360 

259*7 

3.373 

1.394 

292*2 

40.00 

7.5C 

994 

2132.1 

15.708 

1.3034 

• 3455 

377 

.00026 

2.946 

270.0 

5.291 

1*494 

248*0 

40*83 

7.3! 

990 

2129.5 

15.708 

1.3038 

.5429 

376 

.00026 

2.958 

271.1 

5.345 

1*499 

249.2 

60*00 

3*73 

644 

2051.6 

15.708 

1.3175 

• 5249 

336 

*00023 

3.356 

240.2 

0.310 

1.578 

242*5 

100*00 

3.00 

799 

2028.4 

13*706 

1.3229 

.5194 

323 

.00022 

3.492 

202.8 

9.934 

1.601 

244*3 

200.00 

l.SC 

674 

1964.0 

15.708 

1.3345 

• 5046 

283 

*00019 

3.933 

290.0 

16.114 

1*643 

274*4 

300.00 

1*0C 

606 

1931*1 

13.708 

1.3408 

• 4977 

264 

•00017 

4.206 

293.6 

21.423 

1*694 

241.4 

500.00 

• 6C 

533 

1894.3 

15.708 

1.3479 

.4901 

239 

•00013 

4.560 

297.6 

30.711 

l.fjl 

247.4 

800.00 

.37 

472 

1664.4 

15.708 

2.3534 

• 4845 

216 

•00014 

4.922 

300.0 

42.023 

1*755 

291*9 

1000.00 

•ab 

445 

1651*5 

15.708 

1.3555 

• 4823 

206 

•00013 

5.097 

302.1 

50.142 

1.744 

293*4 

1500.00 

.20 

400 

1629.6 

13.708 

2.3590 

.4789 

189 

.00012 

5*420 

304.4 

66.499 

hfM 

297*0 





R ■ 0.70 

PERCENT FUEL 

■ 30.34. 0/F^ 

0.98 

6 .. 

1.00 

300.00 

2494 

2549.15 

16.862 

1.2247 

0.6424 

709 

0.00036 






1.05 

283.73 

2472 

2629.6 

16.862 

1.2251 

• 6414 

705 

.00054 

0.281 

394*0 

2*103 

0*204 

35*2 

1*60 

167.50 

2286 

2511.7 

16.862 

1.2291 

• 6321 

670 

.00052 

• 894 

216*5 

1.011 

■ 620 

107*3 

1.79 

167.36 

2239 

2481.7 

16.862 

1.2303 

• 6295 

661 

•00051 

1.000 

215*4 

1.000 

• 647 

lli.0 

2*00 

130.00 

2193 

2452.6 

16.862 

ubi; 

• 6270 

652 

•00050 

1.096 

216*1 

laoot 

.746 

129*0 

10.00 

30.00 

1604 

2095.0 

16.862 

1.2325 

• 5046 

530 

• 00039 

2.154 

256.2 

2.175 

1*244 

210*4 

20.00 

13. oq 

1391 

1972.9 

16.862 

1.2645 

• 5633 

' 481 

•00034 

2.545 

271.2 

3.410 

1.397 

241.7 

20.41 

14. 7C 

1385 

1969.3 

16.862 

1.2648 

• 3620 

400 

•oooi* 

2.556 

271*6 

3.46C 

1.401 

242.3 

40.00 

7.5C 

1200 

1867*2 

16.862 

1.277* 

■ 5422 

433 

•00030 

2.932 

203.7 

5.473 

1.503 

260*0 

40.63 

7.3! 

U95 

1864.3 

16.862 

1.2781 

'.3415 

433 

.00030 

2.944, 

284.0 

3.351 

1*506 

260*9 

80.00 

3*75 

1029 

1776.3 

16.862 

1*2922 

• 5212 

390 

*000 26 

3.328 

294.0 

0.082 

1*509 

274*4 

100.00 

3.00 

978 

1749.91 

16.862 

1.2968 

• 5149 

377 

.000 25 

3.459 

296.9 

10.396 

1.613 

?>*.» 

200.00 

1.30 

832 

1676.1 

16.862 

1.3111 

• 4967 

336 

.00022 

3.88C 

304 .9 

17.002 

1.478 

290*2 

300.00 

1.0( 

735 

1638.2 

16.862 

1.3191 

.4872 

313 

•00020 

4.14C 

300.9 

22.701 

1.711 

299*0 

-500.00 

.60 

666 

1395.5 

16.862 

1.3283 

.4769 

205 

•00010 

4.444 

313*4 

32*704 

1*747 

302*1 

800.00 

.37 

593 

1560.6 

16.862 

1.3350 

• 4688 

261 

.00016 

4.019 

316*9 

45*786 

1.775 

307*0 

1000.00 

.30 

560 

1545.5 

16.862 

1.3391 

• 4653 

249 

•00015 

4.905 

310*5 

53.725 

1*708 

309*2 

1300.00 

.20 

503 

1320.0 

16.862 

1.3446 

• 4590 

230 

.00014 

5.299 

321.0 

71.849 

2.808 

312*7 
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TABLE II . - Continued THEORETICAL ROCKET PEKFGRKATftDE AT ASSIGNED PRESSURE RATIOS IROM I TO 150 0 
FOR LIQUID AMNIA WITH LIQUID OXYGEN 


(b) Continued. Combust ion-chamber pressure, 300 pounds per square inch absolute) 
frozen composition during iaentropic expansion 


Pressure 

ratio, 

v? 

Static 

pressure, 

lb/sq in- 
aba 

Temper- 

ature, 

T, 

or 

Enthal- 

py, 

cal/g 

Molecular 

weight. 

Isen- 

troplc 

exponent, 

r 

Specific 

heat, 

cp, 

cal 

Abso- 
lute 
via cos - 
ity, 

n, 

micro- 

poises 

Thermal 

conduc- 

tivity, 

cal/ (sec) 

Mach 

number, 

M 

Specific 
Impulse, 
Ivaci 
(lb) (sec) 

Area 

ratio, 

* 

Thrust 

coeffi 

cient, 

°F 

Specific 

impulse, 

I, 

(lbHBec) 

TITFkJ- 

Lb 

lb 




R 

« 0.80* 

PERCENT FUEL 

■ 47.01. 0/F > 

1.127 




1.00 

300.00 

2734 

2471.0 

17.915 

1,2149 

0.6272 

762 

0.00058 






1*05 

285.71 

2711 

2456*3 

17.915 

1.2132 

• 6263 

758 

.00058 

0.284 

401. 1 

2.177 

0.203 

35.8 

1.60 

187.50 

2515 

2334*3 

17.915 

1.2185 

• 6186 

722 

•00055 

.897 

220.3 

1.010 

• 619 

109.1 

1*78 

168.19 

2466 

2304*3 

17.915 

1.2194 

.6166 

713 

•00054 

1.000 

219.3 

1.000 

• 684 

120.5 

2.00 

150.00 

2416 

2273.3 

17.915 

1.2204 

.6143 

703 

*00053 

1.100 

220.1 

1.009 

.744 

131.2 

10*00 

30.00 

1790 

1900.0 

17.915 

1.2382 

*5766 

577 

.00041 

2*155 

261.7 

2.200 

1.265 

222.9 

20*00 

15.00 

1564 

1771.2 

17.915 

1.2482 

.5578 

527 

.00037 

2.543 

277.3 

3.471 

1.400 

246.8 

20*41 

14.70 

1557 

1767.7 

17.915 

1.2486 

• 5572 

525 

.00037 

2.554 

277*8 

3.519 

1.404 

247.4 

40*00 

7.50 

1359 

1659.0 

17.915 

1*2602 

.5373 

479 

*00032 

2.924 

290*5 

5.599 

1.508 

265.8 

40*83 

7.35 

1353 

1655.9 

17,915 

1*2606 

.5367 

477 

•00032 

2*936 

290*8 

5.680 

1.511 

266.3 

80*00 

3.75 

1174 

1561*6 

17.915 

1.2734 

• 5166 

433 

.00028 

3.311 

301.4 

9.146 

1.596 

281.3 

100.00 

3.00 

1119 

1533*4 

17.915 

1.2780 

.5100 

419 

.00027 

3*431 

304.5 

10.728 

1.621 

285.6 

200.00 

1.50 

959 

1453.6 

17.915 

1.2924 

.4903 

375 

•00024 

3*846 

313.1 

17.662 

1.689 

297.5 

300*00 

1.00 

874 

1412*4 

17.915 

1.3009 

.4796 

351 

.00022 

4.096 

317.4 

23.671 

1.722 

303.5 

500. OC 

.60 

776 

1365.7 

17.915 

1.3112 

.4673 

322 

•00020 

4*426 

322.2 

34,253 

1.768 

310.1 

800*00 

.37 

693 

1327.4 

17.915 

1.3201 

.4574 

296 

•00018 

4.T47 

326.1 

48.133 

1.790 

315,5 

1000.00 

.30 

656 

1310.7 

17.915 

1,3241 

.4532 

284 

.00017 

4.906 

327.7 

56.572 

1.803 

317.7 

1500.00 

.20 

594 

1282*6 

17.91$ 

1.3308 

• 4463 

263 

•00015 

5.207 

330.5 

75.868 

1.825 

321.6 




R 

* 0.90. 

PERCENT FUEL 

= 44.09, 0/F 

1.268 





300.00 

2877 

2319.5 

18.816 

1.2093 

0.6102 

■11 

0*00059 





■■■ 


285.71 

2853 

2304.8 

18.816 

1.2096 

.6094 

■ 1 

.00059 

0.285 

401.6 

2.174 

0.203 



187.50 

2651 

2182*4 

18.816 

1.2127 

.6023 

K1 

•00056 

.899 

220.8 

1.010 

.611 

Em 

1.78 

168.54 

2602 

2152.8 

18.816 

1.2134 

.6004 


.00055 

1.000 

219.7 

1.000 

.682 

IHM 

2*00 

150.00 

2549 

2121.1 

18,816 

1.2143 

.5984 

737 

•00054 

1.102 

220.5 

1.009 

.744 

131.4 

10. OC 

30.00 

1904 

1744.8 

18.816 

1,2301 

• 5645 

608 

•00042 

2* 156 

262.7 

2.214 

1.266 

223.6 

20*00 

15.00 

1669 

1614.2 

18.816 

1.2393 

.5469 

557 

.00038 

2.541 

278.7 

3.503 

1.402 

247.7 

20.41 

14.70 

1662 

1610.6 

18.816 

1.2396 

.5464 

556 

•00038 

2.553 

279.1 

3.553 

1.406 

248.4 

40.00 

7.50 

1456 

1499.9 

18.816 

1.2502 

• 5278 

508 

*00034 

2.920 

292.1 

5.672 

1.511 

Ei 1 

40.83 

7*35 

1450 

1496.8 

18.816 

1.2505 

.5272 

507 

•00033 

2.931 

292.5 

5,755 

1.514 

El 9 

80.00 

3.75 

1264 

1400*5 

18.816 

1*2626 

.5079 

461 

•00030 

3.302 

303.3 

9.3 00 

1.600 

EL 1 

100*00 

3.00 

1206 

1371.4 

18.816 

1.2669 

.5014 

447 

*00028 

3.427 

306.5 

10.923 

1.626 

287.2 

200.00 

1.50 

1039 

1289*3 

18.816 

1*2810 

.4814 


■00025 

3.828 

315.4 

18.057 

1.695 

299.4 

300*00 

1.00 

950 

1246.7 

18.816 

1*2894 

• 4705 


•00023 

4.072 

319.8 

24.258 

1.729 

305.5 

500*00 

.60 

846 

1198.3 

18.816 

1.3001 

.4575 

El 

.00020 

4,394 

324.8 

35.206 

1.768 

312.3 

800*00 

.37 

758 

1158.5 

18.816 

1*3096 

.4468 

ill 

.00019 

4.707 

328. 8 

49.600 

1.799 

317.8 

1000.0 c 

.30 

719 

1141.2 

18.816 

1*3139 

.4421 

308 

*00018 

4.862 

330.5 

58.362 

1.812 

320.2 

1500.00 

• 20 

652 

1111.8 

18.816 

1.3212 

• 4344 

286 

*00016 

5.154 

333.4 

78.422 

1.835 

324.2 





= 0.95* 

PERCENT FUEL 

* 42*76 » 0/F 

1.339 




■mm 

300.00 

2913 

2250.6 

19*201 

1*2079 

0.6014 


0*00059 







285.71 

2889 

2236.0 

19*201 

1*2082 

• 6006 


*00059 

0.285 

400.0 

2.173 

0.203 

35.7 


187.50 

2686 

2114.5 

19.201 

1*2111 

.5936 


•00056 

.899 

219.9 

1.010 

• 618 

108.8 


168.62 

2636 

2085.3 

19.201 

1.2119 

.5916 


.00055 

1.000 

216.9 

1.000 

• 681 

119.9 


150.00 

2583 

2053.7 

19.201 

1.2128 

• 5899 


•00054 

1.102 

219.7 

1.009 

.743 

130.9 

10.00 

30.00 

1932 

1679.7 

19.201 

1*2281 

.5572 

618 

•00042 

2.156 

261.9 

2.217 

1.266 

222.9 

2C.00 

15.00 

1696 

1549.7 

19.201 

1.2371 

• 5400 

567 

•00038 

2.541 

277.9 

3.512 

1.403 

247.0 

20.41 

14.70 

1699 

1546.1 

19*201 

1*2374 

• 5395 

565 

•00038 

2.552 

278.3 

3.561 

1.406 

247.6 

40*00 

7.50 

1481' 

1435.9 

19.201 

1*2476 

.5215 

517 

• 00034 

2.919 

291.3 

5.691 

1.512 

266.3 

40.83 

7.35 

1473 

1432.8 

19.201 

1 • 2479 

• 5209 

516 

•00034 

2.930 

291.7 

5.774 

1.515 

286.8 

80*00 

3.75 

1287 

1336*7 

19.201 

1.2598 

• 5019 

470 

.00030 

3.300 

302.6 

9.341 

1.602 

282.0 

100.00 

3.00 

1229 

1307*7 

19*201 

1*2640 

.4956 

455 

•00028 

3.425 

305.8 

10.974 

1.627 

286.4 

200.00 

1.50 

1060 

1225.6 

19*201 

1*2780 

• 4758 

410 

•00025 

3.823 

324«6 

18.161 

1.696 

298.6 

300.00 

1.00 

970 

1183*1 

19.201 

1.2864 

.4649 

385 

•00023 

4.066 

319.1 

24,414 

1.731 

304.8 

500.00 

.60 

864 

1134.6 

19.201 

1.2970 

.4519 

355 

.00021 

4*386 

324.1 

35.461 

1.770 

311.6 

800*00 

• 37 

775 

1094.8 

19.201 

1.3066 

• 4410 

328 

.00019 

4.697 

328.1 

49.995 

1.801 

317.1 

1000*00 

.30 

735 

1077.4 

19.201 

1.3110 

• 4363 

315 

•00018 

4.850 

329.9 

58.846 

1.815 

319.5 

1500*00 

• 20 

667 

1047.9 

19.201 

1*3185 

.4284 

293 

.00016 

5.140 

332.8 

79.117 

1.837 

323.5 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500 


FOR LIQUID AMMONIA WITH LIQUID OXYGEN 


(b ) Continued. Combustion-chamber pressure, 300 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

ratio, 

rj? 

Statia 

pressure, 

P, 

lb/eq la. 
aba 

Tea©er- 

ature, 

ox 

Enthal- 

py, 

. 

=«l/ 8 

Molecular 

vsiafat, 

Jt 

laen.- 

tropio 

axponent, 

r 

Specific 

beat, 

®P» 

Abso- 

lute 

viscos- 

ity, 

micro- 

poises 

T 

Tbar*a.l ( 
cotuloc- . 
tirtty, ; 

calif.sc) 

(cn)faq 



Hacb 

number, 

K, 

Specific 

iqpulflt, 

Tvacj 

(uilrnl 

Area 

ratio, 

a 

— 

Thrust 

coeffi- 

cient, 

°r 

Specific 

locals*, 

(lb) f«,c) 


fr 

Xb 





- 1.00* 

PERCENT FUEL 

■41.31. 0/Fj»_ 1.409 _ 



1*00 

300.00 

2928 

2185.7 

19.342 

1.2072 

0.5924 

817 

0,00039 






1*03 

283.71 

2904 

2171.3 

19.342 

1.2073 

.3917 

813 

•00058 

0.289 

397.5 

2,172 

0.201 

35.5 

1.60 

187.50 

2700 

2051.3 

19.542 

1.2104 

,5849 

773 

• 0M5J 

.699 

210.6 

1.010 

.618 

108.2 

1.78 

268,67 

2650 

2022.3 

19.342 

1.2112 

.3832 

766 

,00054 

1.000 

217.6 

1.000 

• 661 

119.2 

2.00 

130.00 

2397 

1991.2 

19.342 

1.2121 

• 3612 

736 

,00034 

1.102 

218.4 

1.009 

• 743 

130.1 

16.00 

3Q.00 

1955 

1621.7 

19.542 

1.2271 

.3494 

623 

.00042 

2.156 

260.4 

2.219 

1.266 

221.3 

20*00- 

13.00 

1707 

1 493.1 

19.342 

1.2360 

• 5323 

373 

•00038 

2.541 

276.3 

3.516 

1.40 3 

245.3 

20.41 

14.70 

1700 

1489.6 

19.342 

1.2363 

• 3320 

371 

.00038 

2.352 

276.7 

3,565 

1.406 

244,1 

40.00 

7.50 

149? 

1380.3 

19.542 

1.2463 

.3143 

323 

.00034 

2.918 

289.6 

5.700 

1.513 

264,7 

40.83 

7.35 

I486 

1377.4 

19.342 

1.2467 

.5139 

322 

•00033 

2.929 

290.0 

3.783 

1.515 

245,2 

80.00 

3.73 

1298 

1282.3 

19.542 

1.2584 

• 4932 

473 

.00030 

3.299 

300,9 

9.360 

1.602 

280,4 

100.00 

3.00 

1239 

1253.5 

19.342 

1.2626 

• 4890 

460 

.00028 

3,423 

304.1 

10.999 

1.627 

284.8 

200.00 

1.30 

1070 

1172.2 

19.342 

1.2764 

• 4693 

416 

.00025 

3.821 

312.9 

16.211 

1.697 

297*0 

300.00 

1.00 

979 

1130.0 

19.542 

1.2849 

.4587 

390 

•00023 

4.063 

317.4 

<24,469 

1.752 

303.1 

500.00 

• 60 

872 

1082.0 

19.342 

1.2953 

• 4+58 

359 

.00021 

4.182 

322.4 

33.583 

1*771 

309.9 

800.00 

.37 

783 

1042,3 

19,542 

1.3031 

• 4350 

332 

•00019 

4.692 

326.4 

30.188 

1.602 

315.4 

1000.00 

• 30 

743 

1023.2 

19.342 

1.3095 

.4302 

319 

•00018 

4.844 

328.1 

159.083 

1.116 

317.6 

1500.00 

• 20 

674 

996.0 

19.542 

1.3171 

• 4224 

297 

•00016 

3.133 

331.0 

79.460 

1.838 

321.8 





- 1.10. 

PERCENT FUEL 

- 39.22. 0/F 

1.350 




1.00 

300.00 

2913 

2066.7 

20.113 

1.2075 

0.3750 

823 

0.00037 






1.03 

285.71 

2889 

2052.7 

20.113 

1.2078 

.3743 

818 

•00037 

0.285 

390.9 

2.172 

0.203 

34.9 

1.60 

187.30 

2686 

1936.8 

20.113 

1.2107 

.3677 

780 

•00054 

• 899 

2J4.9 

1.010 

• 618 

104.3 

1.78 

168.65 

2637 

1908.9 

20. US 

1.2115 

• 5660 

771 

•00033 

1.000 

223.9 

1.000 

• 681 

117.2 

2. OP 

150.00 

2583 

1878,7 

20.113 

1.2123 

.5641 

761 

•00032 

1.102 

214.7 

1.009 

• 741 

127.9 

10.00 

30.00 

1934 

1521.6 

20.113 

1.2274 

.3332 

629 

.000411 2.136 

256,0 

2.218 

1*244 

217*8 

20.00 

15,00 

1697 

1397.4 

20.113 

1.2363 

,3169 

577 

.00037 

2.541 

271.6 

3.514 

1.403 

241,3 

20.41 

14.70 

1691 

1394.0 

20,113 

1.2366 

.5164 

573 

.00037 

2.332 

272.0 

3.564 

1.406 

241.9 

40.00 

7,30 

1483 

1268.6 

20.113 

1.2466 

,4994 

326 

•00033 

2.919 

284.7 

5.697 

1.312 

240.2 

40.83 

7.33 

1477 

1283.6 

20.113 

1.2470 

•4988 

323 

•00033 

2.930 

285,1 

5.780 

1.515 

260.7 

80.00 

, 3.75 

1290 

1193.7 

20.113 

1.2587 

• 4808 

478 

•00029 

3*299 

293,7 

9.334 

1.602 

273.6 

100.00 

3.00 

1232 

1166.0 

20.113 

1.2628 

.4748 

463 

.00028 

3.424 

298.9 

10.992 

1.627 

280.0 

200.00 

1.50 

1063 

1087.3 

20.H3 

2.2766 

.4559 

418 

•00024 

3.822 

307.6 

18.199 

1.697 

291.9 

300.00 

1.00 

. 973 

1046.7 

20.113 

1.2850 

.4453 

393 

.00022 

4.064 

312.0 

24,472 

1.732 

297.9 

300.00 

• 60 

867 

1000.3 

20.113 

1.2936 

.4330 

362 

.00020 

4.383 

316.9 

35.359 

1.771 

304,4 

800.00 

.37 

778 

962.2 

20.113 

1.3032 

.4225 

334 

,00018 

4.693 

320.8 

30.151 

1.802 

310.0 

1000.00 

.30 

738 

945.4 

20.113 

1.3096 

.4179 

322 

#00017 

4.846 

322.5 

39*040 

1.813 

312*4 

1300.00 

.20 

670 

917,3 

20,113 

1.3172 

•4103. 

299 

,00016 

5.135 

325*4 

79*401 

1.839 

314*3 





- 1.20, 

PERCENT FUEL 

- 37,16. 0/F 

.1.491 




1.00 

300.00 

2871 

1960.2 

20,593 

1.2087 

0.3389 

822 

0.00056 

i 





1.03 

285.71 

2847 

1946.7 

20.393 

1.2090 

•3382, 

818 

•00033 

0.289 

383,3 

2*173 

0.203 

34.2 

1.60 

187.50 

2646 

1833.1 

20.593 

1.2120 

.3517 

779 

.00052 

.899^ 

210.8 

1.010 

• 618 

104.3 

2.78 

168.37 

2597 

1806.2 

20.593 

1.2128 

.3300 

770 

,00052 

1.000 

209.8 

1.000 

• 681 

115*0 

2.00 

150.00 

2345 

1779,2 

20,593 

1.2136 

.3483 

760 

•00051 

1.102 

210,6 

1.009 

• 744 

129.3 

lo.oo 

30.00 

1902 

1435.9 

20.593 

1.2291 

.5177 

<27 

.00040 

2.156 

231,0 

2.215 

1.244 

213.6 

20.00 

13.00 

1668 

1316.6 

20.593 

1.2381 

• 5019 

573 

.00036; 2.341 

266.2 

3,507 

1.402 

2^4.6 

20.41 

14.70 

1662 

1313.3 

20.393 

1.2383 

♦ 5024 

573 

.00036 

2.353 

266.6 

3.337 

1.406 

237*2 

40.00 

7.30 

1437 

1212.2 

20.393 

1.2486 

• 4846 

324 

.00032 

2.920 

279.1 

9,682 

1,912 

239*1 

40.83 

T. 33 

1451 

1209.4 

20.593 

1.2490 

•4841 

323 

.00032 

2,931 

279*4 

9.769 

1.519 

259*6 

80.00 

3.73 

1263 

1121.3 

20.393 

1.2607 

• +667 

476 

.00028 

3.301 

289.8 

9*322 

1*401 

270.2 

100.00 

3*00 

1208 

1094.7 

20.593 

1*26+9 

,4608 

461 

•00 027 

3.426 

292.9 

10*952 

1.624 

274*4 

200.00 

1.30 

1042 

1019.5 

20.593 

1.2787 

.4427 

416 

.00023 

3.826 

301.4 

18*119 

1.495. 296*1 

300.00 

1.00 

953 

900.6 

20.393 

1*2870 

•4327j 

391 

•00022 

4*069< 

303.7 

24*354 

1*730 

292*0 

500.00 

.80 

849 

936.2 

20.593 

1.2976 

.4207 

360 

.00019 

4.390 

310*4 

39*368 

1*769 

298*5 

800.00 

• 37 

761 

899.7 

20*593 

1*3071 

• 4107 

332 

.00018 

4.701 

314.3 

49*699 

1*809 

303.8 

1000.00 

• 30 

722 

883.8 

20.593 

1.3114 

. *4064 

319 

.00017 

4,853 

323.9 

98*683 

1*814 

306.0 

2300.00 

,20 

635 

856.8 

20.393 

1*3189 

• 3991 

297 

•00015 

5.145 

318.7 

78.894 

1.836 

309.9 





■ 1.50. 

PERCENT FUEL 

* 32.12. 0/F 

■; 2.n4 




1.00 

300.00 

27i« 

1698.4 

21.784 

1.2233 

0.5189 

809 

0.00031 






1.03 

283.71 

2703 

1686.3 

21,784 

1.2137 

.5182 

80S 

• 00051 

0.284 

363.4 

2*176 

0.201 

32.4 

2.60 

187.50 

2310 

1386.2 

21.784 

1.2168 

• 3120 

767 

•00048 

.898 

199.6 

1*010 

• 619 

98.9 

1.78 

168.29 

2462 

15&I.7 

21.784 

1.2177 

.5103 

757 

•00Q47 

; l.ooo 

198.7 

1.000 

.683 

109.1 

2.00 

130.00 

2412 

1336.1 

.21.78^ 

1.2186 

• 5085 

747 

.00046 

. 1.100 

199.4 

1.089 

• 744 

118.9 

10.00 

30.00 

1792 

1229.3 

21.784 

1.2353 

.4786 

614 

.00036 

1 2.153 

237.2 

2.204 

1.245 

202.0 

20.00 

13.00 

1367 

1123.2 

21.784 

1.2449 

• 4638 

3<1 

•00032 

2.343 

251.5 

3.481 

1.401 

223.7 

20.41 

14,70 

1561 

1120.3 

21.784 

1.2432 

• 4633 

560 

• 00032 

' 2.554 

231.9 

3.530 

1.404 

224*3 

40.00 

7.30 

1364 

1030.6 

21.784 

1.2560 

• 4476 

511 

.00029 

2.920 

263.5 

3*625 

1.509 

241*1 

40.83 

7.33 

1358 

1028.1 

21.784 

1,2364 

.4471 

309 

.00029 

2.933 

263.8 

3.706 

1.512 

241,9 

80.00 

3.75 

1181 

950.3 

21,784 

1.2683 

• 4312 

463 

.00023 

, 3.309 

273.5 

9.203 

1.598 

299.1 

100. 00 

5.00 

1126 

726.0 

J1.7B* 

1,2726 

• 4238 

448 

.00024 

'3.433! 276.4 

10.802 

* 

1.623 

259.1 

200.00 

1.50 

968 

860.7 

21.784 

1.2664 

.4097 

403 

.00021 

-S.04O| 284,2 

17.821 

1.691 

270.0 

300.00 

1,00 

884 

826.5 

21.784 

1,2946 

.4008 

378 

.00019 

4,068 

288.2 

23.916 

1.725 

279.5 

500.00 

.60 

783 

787.6 

21.784 

1,3050 

.3904 

347 

•Q0O18 

4.414, 

292.6 

34.666 

1.743 

291.5 

800.00 

• 37 

703 

753.7 

21,784 

2.3140 

.3817 

320 

.00016 

*,731 

296.1 

48.787 

1.791 

286,4 

1000.00 

.30 

66 6 

741.8 

21.784 

1.31B2 

.3779 

308 

•00015 

4.887 

277,7 

37.379 

1.807 

288.9 

1500.00 

.20 

604 

716.3 

21.784 

1,3254 

.3713 

285 

,00014 

5.183 

300.2 

77.038 

1*829 

292*0 


4663 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500 


FOR LIQUID AMMONIA WITH LIQUID OXYGEN 

(b) Concluded. Combustion-chamber pressure, 300 pounds per square inch absolutej 
frozen composition during isentropic expansion 


PrM*UT* 

ratio. 

'cA 

Static 

preoure, 

Ib/*^ ia. 

aba 

Tt^T- 

ature, 

T, 

Off 

Eathal- 

VT, 

h f 

eai/s 

Molecular 

Jt 

laaa- 

tropic 

exponent, 

r 

Specific 

heat, 

Cp, 

cal 

Abso- 

lute 

Tiacoa- 

ity, 

■icro- 

polae* 

Biereel 
c endue - 
tirtty, 
k, 

cal/(*ec) 

WM 

Hack 

nzmier, 

1C 



Specific 

i^wlse, 

Trac. 

MW 

Area 

ratio, 

a 

Thrust 

coeffi- 

cient, 

o» 

Specific 

Inpulse, 

(Ibrfaeo) 

(■KQd 

3 

15 





- 2.00* 

PERCENT FUEL 

- 26*19* C/F 

2*818 




1.00 

300.00 

2515 

1391.0 

23.307 

1*2208 

0*4714 

7*3 

0*00045 






1.05 

285.71 

2493 

1380.6 

23.307 

1.2212 

*4707 

77* 

•00045 

0*283 

337.3 

2*181 

0.204 

30.1 

1.60 

1*7.50 

2309 

1294.4 

23.307 

1.224* 

•4643 

740 

•00042 

.895 

185*1 

1*010 

• 620 

91.7 

1*79 

167.81 

2262 

1272.7 

23.307 

1.2260 

.4626 

730 

• 00042 

1.000 

184*2 

1.000 

• 686 

101.4 

2.00 

.130.00 

2216 

1251.3 

23.307 

1.2270 

• 460* 

720 

*00041 

1.098 

184. • 

1.008 

.745 

110.2 

10.00 

50.00 

1630 

9*9.1 

23.307 

1.2433 

• 4325 

588 

•00032 

2*155 

219*3 

2*186 

1*264 

187*0 

20.00 

15.00 

1419 

899.1 

23.307 

1.2358 

.4185 

536 

•00028 

2.545 

232*3 

3.440 

1.399 

206*9 

20.41 

14.70 

1413 

896.6 

23.307 

1.2562 

.4181 

534 

•00028 

2.556 

232*7 

3.487 

1*402 

207.4 

40.00 

7.50 

1229 

821.0 

23.307 

1.2673 

.4042 

486 

.00025 

2.930 

243*2 

5*535 

1.506 

222.7 

40.83 

7.35 

1224 

818.* 

23.307 

1.2677 

.4038 

485 

.00025 

2.942 

243*5 

5*615 

1.509 

223.1 

to. 00 

3.75 

1039 

753.5 

23.307 

1.2802 

• 3896 

439 

•00022 

3.322 

252*2 

9*020 

1.592 

235.5 

100.00 

3.00 

1008 

733.8 

23.307 

1.2845 

• 3850 

424 

*00021 

3.450 

254.1 

10*572 

1.617 

239.1 

200.00 

1.30 

862 

676,6 

23.307 

1.2980 

.3714 

380 

•0001* 

3.664 

261.8 

17*371 

1.483 

249.0 

300.00 

1.00 

7*5 

650.2 

23.307 

1.3061 

.3638 

356 

•00017 

4.117 

265.4 

23*257 

1.717 

253.9 

500.00 

• 60 

695 

618.0 

23.307 

1.3159 

• 3552 

326 

•00015 

4.452 

269.3 

33*615 

1.751 

259.3 

BOO. 00 

• 37 

620 

591.6 

23.307 

1.3247 

• 3478 

299 

•00014 

4.777 

272.5 

47*191 

1.783 

263.7 

1000.00 

.30 

587 

580.2 

23.307 

1.3287 

• 3447 

287 

•0*013 

4.938 

273 .8 

55*438 

1.796 

269.6 

1500.00 

• 20 

531 

560.9 

23.307 

1.3354 

• 3394 

266 

.00012 

5.242 

276.1 

74*282 

1.817 

268.8 





» 3.00. 

PERCENT FUEL 

- 19.13* O/F 

4.227 




1.00 

300.00 

2163 

102*.7 

25.320 

1.2354 

0.4119 

727 

0.00037 






1.05 

2*3.71 

2143 

1016.4 

25.320 

1.2359 

.4112 

722 

•00037 

0.282 

300.0 

2*189 

0.204 

26.8 

1.60 

117.50 

1976 

948.4 

25.320 

1.2402 

• 4053 

685 

.00034 

• 691 

164.3 

1*011 

.622 

• 1.5 

1.S0 

166.92 

1932 

930.6 

25.320 

1.2415 

.4035 

675 

•00034 

1.000 

163.4 

1*000 

• 691 

90.5 

2.00 

150.00 

1892 

914.5 

25.320 

1*2427 

.4019 

645 

.00033 

1.093 

163.9 

1*007 

.747 

97.9 

10.00 

30.00 

1368 

710.1 

25.320 

1.2641 

.3757 

536 

.00025 

2.154 

193.7 

2*154 

1.263 

165.5 

20.00 

15.00 

11*0 

640.9 

25.320 

1.2751 

.3638 

4*5 

.00022 

2.549 

204.8 

3.367 

1.395 

182.8 

20.41 

14.70 

1175 

639.0 

25.320 

1.2754 

.3634 

4*4 

•00022 

2.561 

205*1 

3.413 

1.398 

183*2 

40.00 

7.50 

1014 

581.3 

25.320 

1.2874 

.3515 

438 

.00020 

2.942 

214*0 

5*381 

l.wt 

196*4 

40. B3 

7.35 

1009 

579.6 

25.320 

1*2878 

.3512 

437 

.00020 

2.954- 

214*3 

5.457 

1.502 

196*8 

80.00 

3.75 

866 

530.2 

25.320 

1.3003 

.3398 

393 

•00017 

3.345 

221.7 

8*707 

1.583 

207.4 

100.00 

3.00 

822 

515.4 

25.320 

1*3046 

.3361 

,7, 

.00016 

3.478 

223*8 

10*183 

1.607 

210*5 

200.00 

1.30 

69* 

474.2 

25.320 

1.3180 

• 3253 

337 

•00014 

3.906 

229*8 

16*615 

1.671 

218*9 

300.00 

1.00 

632 

453.0 

25.320 

1.3259 

.3193 

314 

•00015 

4.169 

232*7 

22.157 

1.702 

223*0 

300.00 

.60 

557 

429.2 

25.320 

1.3354 

.3125 

286 

•00012 

4.51* 

236*0 

31.869 

1.737 

227*6 

800.00 

• 37 

494 

409.9 

25.320 

2.3435 

• 3070 

261 

•00011 

4.858 

238*6 

44.547 

1.765 

231*3 

1000.00 

.30 

467 

401.4 

25.320 

1.3473 

.3044 

250 

.00010 

5.026 

239*7 

52*227 

1.777 

232.9 

1500.00 

• 20 

420 

38T.3 

25.320 

1*3533 

.3006 

230 

.00009 

5.345 

241.6 

69*732 

1.797 

235*5 





- 4.00* 

PERCENT FUEL 

* 15*07* O/F 

5.636 




1.00 

300.00 

1*75 

814.0 

26*561 

1.2489 

0.3754 

672 

0*00031 






1.05 

285.71 

1857 

807.1 

26.561 

1.2494 

.3747 

667 

•00031 

0.280 

272.6 

2*198 

0.205 

24.3 

1.60 

187.30 

1706 

751.0 

26.561 

1.2545 

• 3688 

631 

.00029 

.867 

149.0 

1*012 

.624 

74.0 

1.81 

166.11 

1664 

735.8 

26.561 

1.2559 

.3672 

621 

•00029 

1.000 

148.2 

1*000 

.695 

82.5 

2.00 

150.00 

1630 

723.2 

26.561 

1.2571 

.365* 

612 

.00028 

1.088 

148*6 

1*007 

.749 

88.9 

10.00 

30.00 

1160 

556.5 

26*561 

1*2804 

.3417 

48* 

•00021 

2*153 

174.9 

2*126 

1.262 

149*7 

20.00 

15.00 

994 

500.8 

26.561 

1*2923 

■ 330 8j 

440 

•00019 

2*353 

184.7 

3*304 

1.392 

165*1 

20.41 

14.70 

989 

499.2 

26.561 

1*2926 

• 3305 

439 

.00019 

2*565 

184.9 

3*349 

1.395 

165*5 

40.00 

7.30 

848 

453.1 

26.361 

1*3048 

• 3203 

395 

.00016 

2.953 

192.8 

5.250 

1.494 

177*2 

40.55 

7.35 

844 

451.8 

26.561 

1.3052 

.3200 

393 

•00016 

2*965 

193.0 

5.324 

1.497 

177.5 

80.00 

3.75 

719 

412.5 

26.561 

1.3182 

.3100 

352 

•00014 

3 »365i 

199.4 

8.445 

1.576 

186*9 

100.00 

3.00 

681 

400.9 

26.561 

1.3225 

• 3068 

331 

•00014 

3*502 

201*3 

9.857 

1*598 

189*6 

200.00 

1.50 

574 

368.4 

26.561 

1.3360 

• 2975 

299 

•00012 

3*942 

206*4 

15.988 

1*660 

196*9 

300.00 

1.00 

518 

351.9 

26.561 

1.3434 

.2927 

277 

•OOOll 

4*215 

208.9 

21*247 

1.690 

200*5 

500.00 

• 60 

454 

333*3 

26.561 

1.3525 

• 2870 

251 

•OOOIO 

4.576 

211.7 

30.433 

1.724 

204*5 

800.00 

• 37 

401 

318.3 

26.561 

1*3593 

• 2*30 

228 

•00009 

4.931 

214.0 

42*383 

1*751 

207*7 

1000.00 

• 30 

37* 

311.8 

26.561 

1*3619 

• 2815 

217 

•00008 

5.107 

214.9 

49*612 

1*762 

209*0 

1300.00 

• 20 

339 

301.0 

26.561 

1.3659 

.2793 

199 

•00007 

5.441 

216*5 

66*074 

1*781 

211*3 





- 5.00. 

PERCENT FUEL 

- 12*43* O/F 

7*046 




1.00 

300.00 

1640 

677.0 

27.397 

1*2611 

0.3504 

621 

0*00027 






1*05 

285.71 

1624 

671.3 

27.397 

1.2617 

.3497 

617 

•00027 

0.279 

251*0 

2*205 

0.206 

22*4 

1.60 

187.50 

1487 

623.8 

27.397 

1.S6T1 

.3441 

582 

• 00025 

• 883 

137.0 

1*013 

• 625 

68*1 

1.81 

165.38 

1448 

610.4 

27.397 

1.2638 

.3424 

572 

•00025 

1.000 

136*1 

1.000 

• 699 

76*1 

2.00 

150.00 

1418 

600*3 

27.397 

1.2701 

.3410 

564 

•00024 

1.084 

136*5 

1.006 

.751 

81*7 

10.00 

30.00 

993 

460*6 

27.397 

1.2949 

• 3185 

446 

.0001* 

2.152, 

160.1 

2.103 

1*261 

137*2 

20.00 

13.00 

846 

414.3 

27.397 

1.3071 

.3087 

400 

.00016 

2.557 

168*9 

3.252 

1.3*9 

151*2 

20.41 

14.70 

844 

413.0 

27.397 

1.3075 

.3084 

399 

.00016 

2*568 

169.1 

3*295 

1.392 

151*6 

40.00 

7.50 

719 

375.0 

27.397 

1.3204 

.2989 

357 

.00014 

2*963 

176.1 

5.140 

1.4*9 

162*1 

4C.83 

7.33 

715 

373.9 

27.397 

1.3208 

.2987 

355 

.00014 

2.975 1 

176.3 

5.211 

1.492 

162*4 

80.00 

3.73 

606 

341.8 

27.397 

1.3341 

• 2896 

316 

•00012 

*■*”1 

182*0 

8.225 

1.569 

170*8 

100.00 

3 . OOi 

573 

332.2 

27.397 

1.3385 

• 2868 

303 

• OOOll 

3*522 

183*6 

9.584 

1.591 

173*2 

200.00 

1.50i 

479 

305.8 

27.397 

1.3515 

.2789 

266 

•OOOIO 

3*975 

188*1 

15.466 

1*651 

179*7 

300.00 

1.00* 

431 

292.5 

27.397 

1*3584 

.2749 

245 

.00009 

4.25S 

190.4 

20.494 

1*6*0 

182*9 

500.00 

.60 

376 

277.5 

27.397 

1.365Z 

.2711 

221 

.00008 

4.630 

192*8 

29.258 

1.713 

186*4 

too. 00 

.37 

332 

265.5 

27.397 

1*3699 

• 2686 

200 

•00007 

4*998 

194*8 

40*647 

1*73* 

289*2 

1000. OQ 

.30 

312 

260.3 

27.397 

1*3717 

.2677 

190 

•00007 

5*180 

195*6 

47*533 

1.749 

190.4 

1500.00 

.20 

280 

251.6 

27.397 

1*3741 

.2664 

174 

•00006 

5.525 

197*0 

63.206 

1.76* 

192*4 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS PROM 1 TO 1500 

FOR LIQUID AJMONIA WITH LIQUID OXYGEN 


(c) Combustion-chamber pressure, 600 pounds' per square inch absolute} 
equilibrium composition during isentropie expansion 


PraMiir* 

ratio, 

fjF 

Static 

preeaure, 

lb/sq in. 
aba 

Temp*r- 
&tur* , 

OJC 

Enthal- 

py. 

•£h 

Molecular 

velght, 

Jt 

leen- 

trople 

exponent, 

r 

Specific 

h.at, 

C P» 

oal 

Abso- 

lute 

ri»coa- 

V, 

nlcra- 

polses 

thermal 

CQOdQC- 

fctTltjr, 

k, 

cal /(no) 
(«)(<*) 

Much 

neater, 

X 

Specific 

Iqpolae, 

*rac/ 

(lbHoec) 

Area 

ratio, 

c 

Thrust 

coeffi- 

cient, 

or 

Spec if fo 
lipuUe, 

TiTT%r 

is 






■ 0.40. 

PERCENT Fuel 

■ 63.95»_ O/F 

0.564 




l.oo 

600.00 

1349 

3330.2 

13.316 

1.2956 

0.6540 

453 

0(00038 






1.0? 

371.43 

1334 

3340.4 

13.316 

1.2966 

• 6524 

450 

.00038 

0.275 

326.2 

2.226 

0.208 

29*1 

1.60 

373.00 

1210 

3260.5 

13.316 

1.3052 

• 63ai 

421 

.00035 

• 872 

177.3 

1.015 

• 630 

88.3 

1.84 

326.41 

1171 

3233.9 

13.316 

1.3082 

• 6335 

412 

*00034 

1.000 

176.0 

1.000 

• 712 

99.7 

2.00 

300.00 

1148 

3221*3 

13.316 

1*1100 

• 6307 

406 

*00033 

1.072 

176.3 

1.004 

• 756 

105*9 

10.00 

60.00 

772 

2993.1 

13.316 

1*3421 

• 5855 

309 

.00024 

2.149 

204.7 

2.030 

1.256 

176*3 

20.00 

30.00 

646 

2919.9 

13*316 

1.3530 

.5720 

272 

*00021 

2.569 

215.2 

3.093 

1.361 

193.5 

20.41 

29.39 

643 

2917.9 

13.316 

1.3332 

.5717 

271 

*00021 

2.561 

215.4 

3.193 

1.384 

193.9 

40.00 

15.00 

338 

2838.8 

13.316 

1.3617 

• 5618 

237 

iooois 

2.998 

223.7 

4.823 

1.476 

206.8 

40.83 

14.70 

533 

2857.1 

13.316 

1.3619 

.5616 

236 

.00018 

3.011 

223.9 

4.861 

1.478 

207.1 

80.00 

7.50 

447 

2807.9 

13.316 

1.3680 

• 5547 

206 

.00015 

3*447 

230.6 

7.629 

1.550 

217.2 

100.00 

6.00 

421 

2793.5 

1J.316 

1.3696 

• 5530 

196 

•00015 

3.597 

232.5 

8*863 

1.571 

220.1 

200.00 

3.00 

349 

2753.8 

13.316 

1.3743 

.5478 

168 

.00012 

4.083 

237.7 

14.191 

1.626 

227.8 

300.00 

2.00 

312 

2731.8 

13.316 

1.3767 

• 5454 

154 

.00011 

4.383 

240.3 

18.744 

1.653 

231.6 

300.00 

1.20 

271 

2711.0 

13.316 

1.3793 

.5*27 

136 

.00010 

4.781 

243.2 

26.680 

1.682 

233.7 

800.00 

• 73 

238 

2693.7 

13.316 

1*3842 

.5377 

122 

.00009 

5.163 

243.5 

36.978 

1.703 

239.0 

1000.0 0 

.60 

224 

2686.0 

13.316 

1.3874 

• 5344 

115 

.00008 

5*351 

246*4 

43*187 

1.713 

240.4 

1300.00 

• 40 

200 

2673.2 

13.316 

1.3925 

.5294 

104 

.00007 

5*708 

248*0 

57.266 

1.732 

242.7 





■ 0.50* 

PERCENT FUEL 

- 38.67* 0/F 

0*705 




1.00 

600.00 

1784 

3073.9 

14*316 

1.2618 

0.6602 

553 

0.00046 






1.03 

371.43 

1766 

3064.0 

l*<5l« 

1.2628 

• 6585 

351 

.00046 

0.279 

359*6 

2.206 

0.206 

32.1 

1.60 

373.00 

1617 

2966.3 

14.516 

1.2696 

.6448 

520 

•00042 

.682 

196.3 

1.013 

*626 

97.9 

1.82 

330.41 

1574 

2938.9 

14.316 

1.2718 

.6407 

511 

.00041 

1.000 

195.0 

1.000 

• 700 

109.2 

2.00 

300.00 

1342 

2918.3 

14.316 

1*2735 

.M79 

503 

.00041 

1*083 

195*5 

1*006 

*751 

117*1 

10.00 

60.00 

1073 

2632.4 

14.316 

1.3057 

.5847 

394 

• 00030 

2*149 

229.0 

2*090 

1*260 

196*4 

20.00 

30.00 

911 

2338.4 

14.316 

1.3200 

.5646 

331 

.00026 

2.535 

241.3 

3.218 

1*387 

216.3 

20.41 

29.39 

906 

2535.8 

14.316 

1.3205 

.5641 

350 

•00026 

2.567 

241.7 

3.261 

1*390 

216.8 

40.00 

13.00 

768 

2458.9 

14.316 

1.3335 

.5474 

311 

*00022 

2.9*7 

251.4 

5.065 

2*486 

231*7 

40.83 

14.70 

.764 

2436.7 

14.316 

1.3339 

.5469 

310 

.08022 

2.979 

251.7 

5.134 

1.469 

232*1 

80.00 

7.30 

644 

2392.0 

14.516 

1.3450 

.5337 

274 

.00019 

3.396 

259*7 

8.0,71 

1.565 

243.9 

100.00 

6.00 

608 

2372.9 

14.516 

1.3482 

.5301 

262 

.00018 

3.339 

262.0 

9.396 

1.586 

jM.j 

200.00 

3.00 

508 

2320.1 

14.516 

1.3571 

.5202 

228 

.00016 

4.003 

268.2 

15.126 

1.645 

236.4 

300.00 

2.00 

436 

2293.4 

14.516 

1.3609 

• 5162 

210 

•00014 

4.292 

271.3 

20.033 

1.674 

260.9 

500.00 

1.20 

398 

2263.5 

14.516 

1.3649 

.5121 

188 

•00013 

4.673 

274*8 

28.602 

1.705 

265.9 

800.00 

.75 

991 

2239*5 

14*516 

1.3682 

*9087 

169 

.00012 

3.045 

277*5 

39.757 

1*730 

269.8 

1000.00 

*60 

330 

2229.1 

14*516 

1.3697 

.5072 

161 

.00011 

5*228 

278.7 

46.508 

1*741 

271*4 

1300.00 

• 40 

296 

2211.7 

14*516 

1.3715 

.5036 

146 

.00010 

5 *576 

280*6 

61*804 

1*759 

274*2 





- 0.60. 

PERCENT FUEL 

- 54.19* Q/F 

0*845 




1.00 

600.00 

2171 

2843.5 

15.710 

1.2352 

0.6700 

640 

0.00053 






1.03 

371.43 

2151 

2830.1 

15.711 

1.2361 

• 6675 

636 

•00052 

0.282 

381*6 

2*191 

0*205 

34*1 

1.60 

373.00 

1983 

2720.1 

15.714 

1.2432 

.6486 

603 

.00049 

• 690 

208.9 

1*012 

*622 

203.6 

i.eo 

333.38 

1938 

2690.9 

15.715 

1.2451 

•6440 

594 

.00048 

1.000 

207.7 

1.000 

• 692 

115.2 

2.00 

300.00 

1890 

2665.3 

15*715 

1.2469 

• 6399 

566 

.00047 

1*091 

208*4 

1.007 

• 748 

124*5 

10.00 

60.00 

1361 

2336.0 

15*716 

1.2746 

.5670 

469 

.00035 

2*131 

245*6 

2.140 

1*262 

210*1 

20.00 

30.00 

1169 

2225.3 

15.716 

1.2883 

• 5650 

422 

*j)0031 

2*548 

259*7 

3.330 

1.399 

251*9 

20.41 

29.39 

1164 

2222.2 

13.716 

1.2887 

• 5643 

421 

.00030 

2*560 

260*0 

3.375 

1.398 

232*5 

40.00 

15.00 

998 

2130.4 

15.716 

1.3029 

.5439 

378 

.00027 

2.945 

271*1 

5.295 

1.496 

249.1 

40.83 

14*70 

993 

2127.9 

15.716 

1.3033 

• 5433 

377 

.00026 

2.957 

271*4 

5.369 

1.498 

249.5 

80.00 

7.30 

847 

20*9.7 

15.716 

1.3171 

• 5252 

337 

.00023 

3*955 

280.5 

8*518 

1*578 

242.8 

100.00 

6.00 

803 

2026.5 

15.716 

1.3215 

• 3197 

324 

.00022 

3.491 

213*2 

9.943 

1*601 

266*6 

200.00 

3.00 

676 

1961.8 

15.716 

1.3340 

• 3030 

286 

•00019 

3.932 

290.4 

16*131 

1*663 

277*0 

300.00 

2.00 

611 

1928.6 

15.716 

1.3404 

.4979 

265 

.00017 

4.205 

294.0 

21*448 

1.694 

282*1 

300.00 

1.20 

336 

1891.9 

15.716 

1.3476 

.4902 

239 

• 00016 

4.366 

298.0 

30*749 

1*728 

287.1 

800.00 

• 75 

474 

1861.9 

15.716 

1.3531 

.4843 

217 

.00014 

4*919 

301.2 

42.879 

1*755 

292.1 

1000.00 

.60 

447 

1848.9 

15.716 

1.3552 

• 4824 

207 

•00013 

5*094 

302.5 

50.228 

1*767 

294.2 

1300.00 

.40 

402 

1827.1 

15.716 

1.3588 

• 4789 

190 

.08012 

3.423 

304.8 

66.991 

1*786 

297*4 





- 0.70. 

PERCENT FUEL 

■ 50.34* O/F 

0.986 




1.00 

600*00 

2303 

2644.0 

16.876 

1.2058 

0.7252 

711 

0.00062 






1.05 

371.43 

2483 

2629.7 

16.879 

1.2069 

• 7193 

707 

•00061 

0.285 

393.3 

2.175 

0*203 

35*3 

1.60 

375.00 

2309 

2511.0 

16.898 

1.2167 

.6770 

674 

.00056 

• 897 

217.4 

1*010 

• 629 

107*6 

1.78 

336.30 

2263 

2481.7 

16.901 

1.2192 

• 6680 

663 

•60054 

1*000 

216.3 

1.000 

• 683 

118*9 

2.00 

300.00 

2219 

2451.6 

16.904 

1.2216 

• 6593 

657 

. 60053 

1.099 

217.1 

1.009 

*.744 

129*4 

10.00 

60.00 

1633 

2089.3 

16.916 

1.2499 

.5879 

536 

•00039 

2*151 

257.7 

2.184 

2*263 

219*7 

20.00 

30.00 

1418 

1965.3 

16*916 

1.2619 

• 5661 

487 

.00035 

2.542 

272.8 

3.428 

1.397 

243*0 

20.41 

29.39 

1412 

1961.9 

16.916 

1.2622 

• 5655 

486 

•00035 

2.553 

273.2 

3*476 

1.401 

243*6 

40.00 

13.00 

1224 

1837.9 

16.916 

1.2750 

.5447 

440 

<00030 

2*928 

285*5 

5*502 

1.504 

261*6 

40.83 

14.70 

1219 

1854.9 

16*916 

1.2754 

• 5441 

439 

.00030 

2.940 

285.8 

5.560 

1.307 

262.0 

80.00 

7.30 

1031 

1765.4 

16.916 

1.2893 

• 5236 

396 

.00027 

3.323 

295.9 

1.936 

1*590 

276.5 

100.00 

6.00 

999 

1738.3 

16.916 

1.2940 

• 5171 

362 

*00023 

3.459 

298.9 

10.469 

1*614 

280.7 

200.00 

3.00 

•31 

1663.3 

16.916 

1.3083 

.4986 

341 

•00022 

3.872 

307.0 

17*127 

1*680 

292.1 

300.00 

2.00 

773 

1624,6 

16.916 

1.3164 

• 4888 

318 

■60020 

4*130 

311.1 

22*881 

1*712 

297.8 

300.00 

1.20 

683 

1381.0 

16.916 

1.3257 

.4781 

290 

•60018 

4.472 

315.6 

32*983 

1*749 

304.1 

800.00 

.75 

*08 

1545.^ 

16.916 

1.3334 

• 4698 

263 

•00016 

4.805 

319.2 

46.201 

1*778 

309.2 

1000.00 

• 60 

575 

1529*9 

16.916 

1.33*9 

•4662 

254 

•60016 

4.970 

320.8 

54*224 

1*790 

311.4 

1300.00 

• 40 

518 

1503.9 

16.916 

1.3426 

• 4604 

235 

.60024 

5.281 

323.4 

72*546 

1*811 

315.0 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS EROM 1 TO 1500 

FOR LIQUID AMMONIA WITH LIQUID OXYGEN 


(c) Continued. Combust ion. -chamber pressure, 600 pounds per square inch absolute} 
equilibrium composition during iBentroplc expansion 


Pressure 

ratio, 

PcA 

Static 

pressure, 

P, 

Lb/*q la. 

mbs 

Te^f ir- 
etare, 
T, 

°K 

Enthal- 

py# 

cal/* 

Kolacolar 

vaight, 

Jt 

I**B- 

tropic 

exponent, 

r 

Specific 

boat, 

cal 

Abso- 

lute 

rlacoe- 

ity, 

aiero- 

poisos 

Tberaal 

cooduo- 

tiritjr, 

cal/(r*c) 

!3« 

Hicfc 

Specific 

Lapulse, 

Ivne# 

Ana 

ratio, 

c 

Thruet 

coeffi- 

cient. 

Specific 

liaise, 

(lb) (sec) 

K 








R 

* 0*80* 

PERCENT FUEL 

- 47*01* O/F a 

1*127 




1.00 

600.00 

2760 

2471.0 

17.957 

1*1740 

0*8755 

767 

0*00078 






1*05 

571.43 

2741 

2456.2 

17*965 

1.1750 

.8653 

763 

•00077 

0*289 

403*0 

2*156 

0.201 

35*9 

1*60 

375.00 

2580 

2332.4 

18.024 

1*1847 

*7831 

733 

•00067 

• 907 

222*5 

1*008 

*614 

109.8 

1.76 

340.01 

2542 

2304.8 

18.035 

1.1872 

.7659 

726 

*00066 

1*000 

221*6 

1*000 

• 673 

120.3 

Z.DO 

300.00 

2493 

2270.1 

18.048 

1*1904 

• 7451 

717 

*00063 

1*109 

222*6 

1*011 

• 740 

132.2 

10*00 

60*00 

1891 

1883.3 

18.113 

1*2283 

.5932 

597 

•00044 

2*147 

266.1 

2*233 

1*265 

226.1 

20*00 

30.00 

1658 

1748.5 

11.116 

1.2400 

.5673 

547 

•00039 

2*531 

282.3 

3*531 

1*403 

250.7 

20*41 

28.39 

1652 

1744.8 

18.116 

1.2405 

• 5666 

543 

•00038 

2*542 

282.7 

3*561 

1*406 

251.4 

40*00 

15.00 

1447 

1630.6 

11.116 

1*2516 

• 5458 

498 

•00034 

2*909 

296.0 

5*712 

1*513 

270.4 

40*83 

14.70 

1441 

1627.3 

18.116 

1*2519 

• 5452 

497 

•00034 

2*920 

296.3 

5.795 

1*516 

270*9 

80*00 

7.50 

1235 

1528*0 

18.116 

1*2642 

• 5249 

452 

• 00030 

3*292 

307*4 

9.356 

1*602 

286*5 

100*00 

6.00 

1197 

1498*0 

18.116 

1*2685 

• 5182 

438 

*00029 

3*418 

310*6 

10.986 

1*628 

291*0 

200*00 

3.00 

1031 

1413.4 

18.116 

1*2827 

.4977 

394 

*00025 

3*819 

319*6 

18.144 

1*697 

303*4 

300*00 

2.00 

942 

1369.5 

18.116 

1.2911 

• 4865 

369 

•00023 

4*064 

324*1 

24.364 

1.732 

309.6 

500*00 

1.20 

138 

1319.7 

18.116 

1.3017 

.4733 

340 

•00021 

4*387 

329*1 

35.340 

1*770 

316.5 

800*00 

• 75 

751 

1278.8 

18*116 

1*3110 

• 4624 

313 

•00019 

4*700 

333*2 

49.765 

1*302 

322.1 

1000*00 

.60 

712 

1260.9 

18.116 

1*3153 

.4576 

301 

•00018 

4*855 

335*0 

58.545 

1*815 

324.5 

1500*00 

.40 

645 

1230.8 

18.116 

1*3225 

• 4499 

283 

• 00017 

5*148 

337.9 

78.642 

1*838 

328.5 




8 

« 0.90* 

PERCENT FUEL 

■ 44.09» 0/F ■ 

1*266 




1*00 

600.00 

2922 

2319.5 

18.893 

1.1494 

1.1223 

80S 

0*00101 






1.05 

571.43 

2905 

2304.6 

18.907 

1.1498 

1.1114 

802 

•00100 

0*292 

404.4 

2.138 

0.199 

36.1 

1*60 

375.00 

27*5 

2179.4 

19.020 

1.1544 

1.0129 

776 

•00089 

.917 

224.2 

1.007 

• 610 

110.4 

1.74 

343.86 

2736 

2154,6 

19.041 

1*1556 

.9919 

770 

•00086 

1*000 

223.5 

1*000 

.662 

119.8 

2*00 

300*00 

2690 

2116.0 

19.073 

1.1578 

.9586 

762 

•00083 

1.120 

224.7 

1.013 

.736 

133.1 

10*00 

60.00 

2133 

1713.6 

19.289 

1.2006 

.6391 

653 

•00050 

2*142 

271.3 

2.304 

1*269 

229.6 

20.00 

30.00 

1896 

1569.8 

19.310 

1.2181 

• 5800 

603 

*00043 

2.512 

288.6 

3.674 

1.412 

255.4 

20*41 

29.39 

L889 

1565.9 

19.310 

1*2186 

.5788 

602 

.00043 

2.523 

289.1 

3.726 

1*416 

256.1 

40.00 

15,00 

1*70 

1442.8 

19.315 

1.2311 

.5490 

554 

•00038 

2*660 

303.3 

5*982 

1.527 

276.2 

40*83 

14,70 

1663 

1439.3 

19.315 

1.2314 

.5483 

553 

.00037 

2*890 

303.6 

6.071 

1.530 

276.7 

80*00 

7*50 

1462 

1331*3 

19*316 

1*2426 

.5270 

306 

.00033 

3.252 

315*6 

9.869 

1*621 

293.2 

100*00 

6.00 

1399 

1298.4 

19*316 

1*2465 

.5203 

491 

•00032 

3.373 

319*1 

11*616 

1*648 

298.1 

200*00 

3.00 

1217 

1205.3 

19.316 

1*2590 

.5001 

441 

•00028 

3*760 

328.9 

19.337 

1.721 

311.4 

300*00 

2.00 

1118 

1156.6 

19.326 

1*2670 

.4882 

410 

.00025 

3*995 

333.8 

26.094 

1*758 

318.1 

500.00 

1*20 

1003 

1100.9 

19.316 

1.2774 

.4737 

371 

.00022 

4.301 

339.4 

38*006 

1*800 

325.6 

800*00 

• 73 

904 

1054*8 

19*316 

1*2872 

.4611 

335 

*00020 

4*597 

343.9 

53*938 

1*634 

531*7 

1000.00 

• 60 

860 

1034.6 

19*316 

1*2918 

.4555 

319 

•00019 

4*742 

345.9 

63*621 

1*848 

334*4 

1300*00 

• 40 

784 

1000*3 

19*316 

1*3000 

*4458 

303 

•00017 

5*017 

349*2 

85*855 

1.973 

338*6 





* 0*95* 

PERCENT FUEL 

» 42,76* 0/F 

1*339 




1.00 

600*00 

2963 

2250*6 

19*291 

1*1426 

1.2294 

016 

0*00111 






1*05 

371.43 

2940 

2235.8 

19.307 

1.1427 

1.2208 

815 

.00110 

0.293 

403.2 

2*133 

0*199 

35*9 

1.60 

375.00 

2815 

2111.3 

19.4*0 

1.1445 

1.1408 

790 

.00100 

.920 


1*006 

• 609 

110*1 

1.74 

343.19 

2790 

2087.6 

19.465 

1.1450 

1.1240 

783 

•00098 

1.000 

223.1 

1*000 

• 659 

119*1 

2*00 

300*00 

2746 

2048.0 

19.506 

-1*1461 

1.0946 

776 

•00095 

1*124 

224.4 

1*014 

*734 

132*8 

10*00 

60*00 

2241 

1642*6 

19*8*1 

1.1784 

.7248 

' 677 

•00038 

2*144 

272.5 

2*348 

1*272 

230*0 

20,00 

30.00 

2012 

1495.1 

19.895 

1*2015 

• 6138 

530 

•00047 

2.502 

290.5 

3.772 

1*418 

256*4 

20,41 

29,39 

'2005 

1491.0 

19.896 

1*2021 

• 6115 

629 

*00046 

2*512 

291.0 

3*626 

1*422 

257.1 

40,00 

15,00 

1784 

1343.9 

19.912 

1*2197 

• 5578 

581 

•00040 

2.858 

305.7 

6.170 

1*536 

277.8 

40.83 

14*70 

1778 

1360*2 

19.912 

1*2201 

.5567 

580 

•00040 

2.868 

306.1 

6.262 

1*539 

278.3 

80*00 

7*30 

1570 

1247*9 

19*915 

1*2324 

.5297 

534 

•00035 

3*223 

318.5 

10.212 

1*634 

295*4 

100.00 

6*00 

1505 

1213*7 

19*916 

1*2362 

• 5225 

518 

•00034 

3*342 

322*1 

12*031 

1*661 

300*4 

200.00 

3.00 

1315 

1116*3 

19.916 

1*2481 

• 5019 

472 

• 00030 

3.722 

332.3 

20.099 

1*738 

314.2 

300*00 

2.00 

121Z 

1065.2 

19.916 

1.2555 

.4903 

446 

•00027 

3*952 

337.5 

27*182 

1*776 

321*2 

500.00 

1.20 

1091 

1006.5 

19.916 

1*2656 

.4755 

415 

•00025 

4.251 

343.4 

39.792 

1*820 

329,0 

800.00 

.75 

987 

957*9 

19*916 

1.2752 

*4624 

386 

• 00023 

4*538 

348.2 

56*311 

1*855 

335.4 

1000.00 

• 60 

940 

936*4 

19*916 

1.2798 

.4564 

373 

•00022 

4*679 

350.2 

66*746 

1*870 

338,2 

1500*00 

• 40 

859 

900*0 

19*916 

1*2882 

.4460 

364 

•00021 

4*945 

353*7 

90*290 

1*896 

342.8 





■ 0*975* PERCENT FUEL 

- 42*13* 0/F 

1.374 




1*00 

600*00 

2975 

2217*7 

19*471 

1*1409 

1,2570 

823 

0*00114 






1*05 

571.43 

2960 

2202.9 

19.488 

1.1409 

1*2494 

820 

•00113 

0*293 

402*1 

2.131 

0*199 

35.8 

1*80 

375*00 

2829 

2079.1 

19*627 

1*1419 

1.1792 

793 

•00104 

• 921 

223.3 

1*006 

.609 

109.8 

1*74 

343.55 

2804 

2055.8 

19.653 

1*1422 

1. 1647 

790 

•00102 

1 ■ OOG 

222.6 

1*000 

• 658 

118.7 

2.00 

.300,00 

2761 

2016.0 

19*697 

1 *-1428 

1*1390 

782 

*00099 

1*126 

224.0 

1*014 

.734 

132*5 

10*00 

60.00 

2280 

1611*0 

20*086 

1*1650 

.8037 

686 

• 00064 

2*149 

272*5 

2*367 

1*273 

229*8 

20*00 

30,00 

2064 

1462.3 

20*172 

1.1874 

• 6626 

642 

• 00050 

2*501 

290*9 

3*825 

1*421 

256.4 

2C*4i 

29.39 

2058 

1458.1 

20*173 

1*1881 

.6591 

641 

• 00050 

2.511 

291.4 

3.881 

1.425 

257.1 

40.00 

u.oo 

1842 

1329.0 

20*206 

1*2108 

.5737 

595 

•00041 

2*846 

306.4 

6*265 

1*541 

278.1 

40.83 

14. 7C 

1836 

1325.3 

20*207 

1*2114 

.5719 

594 

•061m 

2*856 

306.6 

6.379 

1*5*4 

278.7 

80.00 

7.5Q 

1627 

1210.9 

20*215 

1.2266 

*3334 

548 

•00036 

3*203 

319.5 

10.425 

1*640 

296*0 

100*00 

. 6.00 

1561 

1175.9 

20*215 

1*2307 

• 5251 

532 

.00035 

3*321 

323.3 

12.290 

1.669 

301*1 

200*00 

3.00 

1367 

1076.2 

20.216 

1*2428 

• 5032 

486 

•00030 

3.697 

333.7 

20.564 

1.747 

315.2 

300,00 

2.00 

1262 

1023*8 

20*216 

1*2499 

.4916 

460 

■ 00 028 

3*924 

339.1 

27.839 

1*786 

322.3 

500.00 

1.2C 

1138 

963.6 

20.216 

1.2597 

.4768 

428 

•00C26 

4* 22C 

345.1 

40.811 

1*831 

330*3 

800*00 

• 75 

1031 

913.6 

20.216 

1*2691 

.4636 

399 

#0<f0J3 

4. 503 

350.0 

58,039 

1.867 

336.9 

1000.00 

• 60 

981 

191.5 

20.216 

1.2737 

.4575 

386 

*00022 

4*642 

352*1 

68.596 

1*883 

339*7 

1500.00 

*i . * 40 

900 

854.0 

20.216 

1*2420 

.4468 

380 

. .00022 

4*903 

355.7 

92. 907 

1*909 

344*5 
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TABLE XX. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500 

FOR LIQUID AMMONIA WITH LIQUID OXIffiN 


(c) Continued. Combust ion-chamber pressure, 600 pounds per square inch, absolute} 
equilibrium composition during isentrapic expansion 


Pressure 

ratio, 

Pc/P 

Static 

pressure, 

P, 

lb/sq In. 
aba 

Te^er- 

ature, 

°x. 

Sd.tha.l- 

PTj 

A 

Molecular 

saiebt, 

Jt 

Iaan- 

trcjlo 

exponent, 

r 

Spec If la 
boat, 

cal 

Abso- 

lute 

viscos- 

ity* 

v-t 

wlero- 

polaee 

Thermal 

conduc- 

tivity. 

tfcch 

□unbar, 

K 

Specific 

iMpula*, 

Inci 

Area 

ratio, 

c 

Thrust 

coeffi- 

cient, 

<V 

Specific 

Impulse, 

(lb} (tec) 

lsH«KJ 







■ l.OO* 

PERCENT FUEL 

» 41.51. 0/F a 

1*409 




1.00 

600.00 

2900 

2183.7 

19.638 

1.1402 

1.2419 

•26 

0.0011$ 






1.05 

371.43 

2963 

2171.1 

19.655 

1.1402 

1.2547 

823 

.00114 

0*293 

400*8 

2.111 

0.199 

35.7 

1.60 

375.00 

2836 

2048.0 

19.798 

1.1409 

1.1883 

798 

.00105 

.921 

222*6 

1.806 

.609 

109.3 

1.74 

345.69 

2811 

2025.0 

19,824 

1.1411 

1.1730 

794 

.00103 

1.000 

221*9 

1.000 

.457 

118.3 

2.00 

300.00 

2768 

1983.4 

19.869 

1.1416 

1.1510 

783 

.00100 

1.126 

223*3 

1.014 

• 734 

132.0 

10.00 

60.00 

2297 

1582.3 

20.284 

1.1379 

.8338 

<92 

.00068 

2.252 

271*9 

2.37$ 

1.274 

229.2 

20.00 

30.00 

2094 

1433.6 

20.396 

1.1727 

• 7326 

650 

.00056 

2.508 

290.3 

3.137 

1.422 

235.8 

20.41 

29.39 

2088 

1429.4 

20.399 

1.1732 

• 7294 

649 

•45053 

2.528 

291*0 

3*914 

1.426 

256.3 

40.00 

13.00 

18*8 

1299.4 

20.463 

1.1917 

.6340 

606 

.00046 

2.848 

306*4 

6*367 

1.944 

277.7 

4Q.83 

14.70 

1882 

1295.6 

20.467 

1.1923 

.6313 

605 

■ n'0o»6 

2.850 

306*9 

6*484 

1.347 

278.3 

• 0.00 

7.50 

1684 

1179.3 

20.499 

1.2218 

.3630 

361 

.00039 

3.190 

319.9 

10.670 

1.643 

295.9 

100.00 

6.00 

1419 

1143.6 

20.505 

1*2177 

.5490 

347 

a 00037 

3.303 

323*8 

12.600 

1.674 

301.1 

200.00 

3.00 

1425 

1041.4 

20.314 

1.2343 

• 5119 

301 

.00032 

3.665 

334*6 

21.162 

1.754 

113.5 

300.00 

2.00 

1311 

987.6 

20.915 

1.2428 

.4963 

473 

.00029 

3.886 

340*1 

28.690 

1.793 

322.9 

300.00 

1.20 

1191 

923.5 

20,316 

1.2530 

.4798 

436 

•00026 

4.176 

346*3 

42.126 

1.641 

331.1 

•00.00 

• 73 

1QB2 

873.8 

20.516 

1.2626 

.4638 

400 

.00023 

4.454 

331*4 

59.993 

1.878 

337.9 

1000.00 

• 60 

1032 

851.0 

20.516 

1.2671 

.4395 

383 

.00022 

4.390 

353*6 

70.933 

1.894 

340.8 

1300.00 

• 40 

947 

812.1 

20.516 

1.2734 

.4485 

375 

.00021 

6.84? 

357*3 

96.219 

1.922 

345.7 




» 1.10. 

PERCENT FUEL 

* 39.22. O/F 

1.330 




1.00 

800.00 

2962 

2066.7 

20.207 

1.1432 

1.1481 

831 

0*00106 






1.03 

371.43 

2946 

2052.6 

20.223 

1.1433 

1.1398 

• 28 

.00103 

0.293 

393.0 

2.133 

0.199 

33.1 

1.60 

.375 ■ 00 

2812 

1933.8 

20.357 

1.1432 

1.0656 

802 

.00095 

• 920 

218*6 

1.006 

.609 

107.6 

1.74 

345.11 

2786 

1911.1 

20.381 

1.1457 

1.0503 

797 

•00093 

1.000 

217.9 

1.000 

• 639 

116.4 

2.00 

300.00 

2742 

1373.4 

20.422 

1.1466 

1.0246 

788 

.00090 

1.124 

219*2 

1.014 

.733 

129.7 

10.00 

60.00 

2243 

1486.5 

20.771 

1.1691 

.7419 

688 

*00039 

2.130 

266*3 

2.333 

1.272 

224.7 

20.00 

30.00 

2031 

1345.1 

20.831 

1.1844 

.6513 

643 

.00050 

2.309 

286.2 

3.806 

1.419 

230.6 

20.41 

29.39 

2024 

1341.1 

20.853 

1.1849 

.6490 

642 

•00049 

2.520 

284.7 

3.861 

1.623 

251.1 

40.00 

13.00 

1819 

1218.1 

20.897 

1 .2016 

.3836 

597 

•000*2 

2.857 

299*4 

6.274 

1.539 

271,7 

40.83 

24.70 

1813 

1214.3 

20.898 

1.2021 

.3820 

596 

•00042 

2.868 

299*9 

6.369 

1.342 

272.3 

80.00 

7.30 

1613 

1105.0 

20.919 

1.2186 

• 5356 

351 

.00036 

3.208 

312*3 

10.431 

1,638 

289.3 

100.00 

6.00 

1331 

1071.5 

20.923 

1.2239 

.3234 

336 

•00Q34 

3.323 

316*1 

12.333 

1.667 

294.3 

200.00 

3.00 

1362 

975.7 

20.929 

1.2397 

.4923 

489 

.00030 

3.690 

326*4 

20.676 

1.743 

308.1 

300.00 

2.00 

L2?e 

923.3 

20.930 

1.2482 

.4779 

460 

•00027 

3.914 

331*6 

28.004 

1.783 

313.2 

300.00 

1.20 

1134“" 

867.3 

20.931 

1.2389 

.4618 

*22 

.00023 

4.207 

337*6 

41.063 

1.830 

323.1 

800.00 

• 73 

1028 

819.1 

20.931 

1.2687 

• 4483 

386 

• 0(XJ22 

4. 489 

342.4 

58.399 

l.t6» 

329,5 

1000.00 

.60 

980 

797.8 

20.931 

1.2733 

.4424 

369 

•0&021 

4.627 

344*3 

69.Q21 

1.882 

332.3 

1500.00 

.40 

898 

761.7 

20.931 

1.2817 

• 4320 

357 

,00020 

4.688 

348*0 

93.462 

1.906 

317.0 





- 1*20, 

PERCENT FUEL 

- 37.16. O/F 

1,691 



1.00 

600*00 

2914 

1960.2 

20.677 

1.1473 

1*0323 

• 29 

0.00096 






1.03 

371*43 

2898 

1946.6 

20.692 

1.1475 

1.0248 

826 

♦Q0Q95 

0.292 

386*1 

2.136 

0.199 

34.4 

1.60 

373*00 

2761 

1832.3 

20.813 

2.1498 

.9396 

799 

.00086 

.918 

214.2 

1.007 

• 610 

105.4 

1.74 

344.53 

2733 

1610.2 

20.836 

2.2304 

• 9464 

794 

*Qfi5S5 

1*000 

213.5 

1.000 

.641 

114,2 

2.00 

300*00 

2689 

1774.3 

20.872 

1.1313 

.9249 

783 

« 0 oO 6 2 

1.122 

214.7 

1.013 

• 733 

127.1 

10.00 

60*00 

2l«2 

1404.4 

21.179 

1.1741 

.6933 

680 

•05033 

2.130 

260.4 

2.343 

1*272 

219.9 

20.00 

30.00 

1968 

1269.7 

21.249 

1.1894 

.6184 

633 

.09047 

2.512 

277.8 

3.779 

1.418 

245.1 















40.00 

23.00 

1758 

1149.1 

21.289 

1.2068 

• 3580 

588 

,00040 

2,862 

292*5 

6.218 

1.536 

245.7 

40.83 

14.70 

1732 

1143.8 

21.290 

1.2073 

• ?564 

387 

•o^S9o 

2,872 

292.9 

10*337 

1.540 

266.2 

100.00 

6.00 

1494 

1010.3 

21.311 

1.2293 

• 5028 

327 

,00033 

3.331 

308.6 

12.190 

1.663 

287,5 

200.00 

3.00 

1308 

919.8 

21.316 

1*2432 

.*142 

481 

.00028 

3*702 

310.5 

20,393 

1.740 

300.9 

300.00 

2.00 

1206 

872.3 

21.317 

1*2538 

• 4609 

433 

.00026 

3*928 

323.6 

27.391 

1.779 

307.7 

500*00 

1.20 

1086 

817.7 

21.317 

1.2645 

• 4437 

422 

•0002* 

4,225 

329.3 

40.395 

1.821 

3X5.3 

800.00 

1 .75 

963 

772.4 

21.317 

1.2743 

• 4331 

394 

.00022 

4*511 

333.9 

37.370 

1.659 

321.3 

1000.00 

• 60 

937 

732.3 

21.317 

1.2788 

• 4275 

380 

•oio21 

4*631 

333.9 

67.761 

1*675 

324,2 

1500.00 

.40 

836 

718.6 

21.317 

1.2872 

• 4178 

373 

.00020 

4,916 

339.3 

91.669 

1.901 

328,7 





■ 1.50* 

PERCENT FUEL 

■ 32.12. O/F 

2,114 




1.00 

600.00 

2759 

1698.4 

21*847 

1.1348 

0*8534 

813 

0.00079 






1.03 

371.43 

2743 

1686.2 

21.839 

1.1531 

• 8478 

• 11 

.00078 

0.291 

365*5 

2.141 

0.200 

32.6 

1.60 

373.00 

2603 

1384.1 

21.960 

1,1585 

.7989 

713 

•00071 

• 913 

202*5 

1.00T 

• 611 

99.7 

1.73 

343.44 

2374 

1563.3 

21.979 

1.1593 

.7887 

777 

•00070 

1*000 

201.6 

1.000 

.664 

108.3 

2.00 

300.00 

2330 

1532.4 

22.008 

1.1607 

• 7729 

768 

•00068 

1,119 

202.9 

1.013 

.736 

120.2 

10.00 

60.00 

2017 

1204.2 

22.246 

1.1886 

• 59S2 

638 

•0^047 

2,146 

245.2 

2.315 

1.270 

207.4 

20.00 

30.00 

1803 

1086.1 

22.293 

1.2061 

.336? 

610 

.000*0 

2*513 

261.1 

3.711 

1.414 

230.8 

20.41 

2?. 39 

1797 

1082.9 

22.294 

1.2066 

.3332 

609 

•00039 

2*324 

261.5 

3.764 

1,418 

231.4 

40.00 

13.00 

1596 

981.2 

22.316 

ljk2241 

.4920 

362 

•00034 

2.871 

274.6 

6.066 

1.330 

249.8 

40.83 

14.70 

1391 

978.3 

22.317 

■1.2246 

.4909 

361 

•Q0034 

2*882 

274.9 

6.156 

1.333 

230.3 

80.00 

7.30 

1401 

808*8 

22.326 

1.2411 

.4398 

314 

•00029 

3.234 

285.9 

10.018 

1.626 

245.4 

100.00 

6.00 

1341 

861.6 

22.327 

1.2462 

.4516 

499 

• 0&28 

3*354 

289.1 

11.790 

1.653 

269.8 

200.00 

3*00 

1166 

784.3 

22.329 

1.2609 

• 4303 

434 

.00023 

3*738 

296.0 

19.610 

1.727 

282.0 

300.00 

2.00 

1071 

744.0 

22.329 

1.2694 

• 4194 

428 

.00023 

3.972 

302.6 

26.441 

1.765 

288.2 

500.00 

2.20 

939 

697.8 

22.329 

1.2798 

.4071 

396 

•00021 

4,280 

307.7 

38.333 

1.807 

293.1 

•00.00 

.73 

865 

659.7 

22.329 

1.2893 

• 3966 

367 

•00019 

4*376 

311.6 

54.560 

1.841 

300.6 

1000.00 

.60 

822 

643.0 

22.329 

1.2939 

• 3918 

334 

•00018 

4*722 

313.6 

64.332 

1.836 

303.0 

1300.00 

.40 

749 

614.7 

22.329 

1.3020 

• 3837 

343 

.00017 

4.998 

316.5 

86.765 

1.881 

307.1 
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TABIE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS PROM 1 TO 1500 

FOR LIQPXD AMMONIA WETS LIQUID OXYCffiN 

■* 

(c) Concluded. Combustion-chamber pressure, 600 pounds per square Inch absolute; 
equilibrium composition during isentropic expansion 


Pressure 

ratio, 

Pc/P 

Static 
]?r«. sure, 
P, 

Ib/aq la. 

•ba 

ature, 

T, 

or 

Hnthnl- 

57. 

h, 

cs-l/K 

MclecuLsr 

veight, 

JC 

Isen- 

trspie 

exponent, 

r 

Specific 

hnt, 

cal 

Abso- 
lute 
Tl_.ro* - 

ity, 

P» 

micro - 
pot* as 

ttermsl 

eooCca- 

tirlty, 

cal?(*ec) 

(«)(<*) 

Mach 

number, 

K 

Specific 

i^oLee, 

Inei 

ClbK.ec) 

Are*. 

ratio, 

* 

Thrust 

coeffi- 

cient, 

=T 

Specific 

impulse, 

(lb)?sec) 

TEW 

Is 

lb 





R » 2*00. PERCENT FUEL 

• 26.19. 0/F 

2.818 




1.00 

600.00 

2536 

1391*0 

23.349 

1.1672 

0*6880 

786 

0*00062 






1.05 

371.43 

2519 

1380.5 

23.359 

1.1676 

• 6833 

783 

• 00062 

0.290 

338.8 

2.150 

0.200 

30,2 

1.60 

375.00 

2377 

1292.9 

23.434 

1.1736 

*6421 

753 

•00056 

.911 

187.3 

1.008 

• 613 

92*4 

1*76 

341.52 

2345 

1274.2 

23.450 

1.1751 

• 6330 

746 

•00055 

1.000 

186.6 

1.000 

.669 

100.8 

z.oo 

300*00 

2302 

1248.7 

23*469 

1.1773 

• 6205 

Tar 

.00053 

1.114 

187*5 

1.011 

.738 

111.3 

10*00 

60.00 

1783 

971.7 

23*617 

1.2145 

• 4873 

620 

•00037 

2.145 

225.2 

2.267 

1.267 

191*0 

20*00 

30.00 

1572 

874.0 

23*638 

1.2325 

• 4495 

570 

•00032 

2.520 

239.2 

3.597 

1.407 

212.1 

20*4-1 

29*39 

1566 

871.3 

23.638 

1.2331 

• 4486 

361 

•00031 

2.530 

239.6 

3.648 

1.411 

212.6 

40*00 

13.00 

1374 

788.2 

23.643 

1.2492 

• 4224 

520 

•00027 

2.890 

251.0 

5.824 

2.519 

229.0 

40*13 

14.70 

1369 

785.9 

23.646 

1.2496 

*4217 

519 

.00027 

2.901 

251,3 

5.908 

1.522 

229.5 

80*00 

7.30 

1193 

713.6 

23.648 

1.2636 

• 4026 

473 

•00024 

3.270 

260.8 

9.537 

1.611 

242.8 

100*00 

6.00 

1138 

691.7 

23.648 

1.2683 

.3973 

458 

.00023 

3.395 

263.5 

11,195 

1.637 

246.7 

200*00 

3.00 

980 

630.1 

23.648 

1.2822 

• 3818 

413 

•00020 

3.796 

271.2 

18.462 

1.707 

257.3 

300.00 

2.00 

896 

598.1 

23.648 

1.2902 

.3736 

368 

•00019 

4.041 

275.1 

24.616 

1.743 

262.7 

300,00 

1.20 

797 

541.8 

23.648 

1.3005 

.3637 

357 

•00017 

4.363 

279.5 

35.998 

1.782 

268.6 

800*00 

• 75 

714 

532.0 

21*648 

1.3097 

• 3554 

329 

•00015 

4.675 

282.9 

50.700 

1.814 

273.4 

1000*00 

• 60 

677 

519.0 

23*648 

1.3139 

.3517 

317 

•00014 

4.829 

284.4 

59.650 

1.828 

275.5 

1300*00 

• 40 

614 

497.0 

23*648 

1.3216 

• 3453 

301 

•00014 

5.120 

287.0 

80.136 

1,851 

278.9 





R » 3*00. PERCENT FUEL 

« 19*13* 0/F 

4.227 




1.00 

600.00 

2171 

1024*7 

23*337 

1.1977 

0*5023 

728 

0.00044 






1.03 

571,43 

2154 

1016.4 

25*342 

1.1988 

• 4958 

724 

• 00043 

0.286 

300.7 

2.170 

0.202 

26.8 

1.60 

375.00 

2008 

947.7 

25.377 

1*2087 

• 4704 

691 

•00039 

.900 

165.4 

1.010 

• 616 

61.8 

1.71 

337.20 

1972 

931.2 

25.385 

1.2113 

•4637 

683 

•00038 

1.000 

164.7 

1.000 

• 681 

90.2 

2.00 

300.00 

1933 

913.3 

25*392 

1*2143 

•4565 

674 

•00037 

1.101 

165.3 

2.009 

.743 

96.4 

10*00 

60.00 

1426 

702.8 

25*435 

1.2540 

.3868 

550 

.00027 

2.147 

196.3 

2*186 

1.263 

167.4 

20.00 

30.00 

1235 

630.9 

25.437 

1.2681 

• 3697 

499 

■0002S 

2.537 

207.6 

3.424 

1.397 

185.1 

20.41 

29.39 

1230 

628.9 

25.437 

1.2685 

• 3693 

498 

.00023 

2.548 

208.1 

3.471 

1.401 

185.6 

40.00 

15.00, 

1064 

568.7 

25.438 

1.2815 

.3557 

451 

• 00020 

2.926 

217*3 

5.480 

1.503 

199.2 

40. B3 

14.70 

1039 

567.0 

25.438 

1.2819 

• 3553 

450 

•00020 

2.938 

217.6 

5.558 

1.506 

199.6 

80.00 

7.50 

911 

515.3 

25.438 

1*2945 

.3434 

406 

•000X8 

3.325 

225.2 

8.881 

1.589 

210.5 

100.00 

6.00 

866 

499.8 

25.438 

1*2988 

*3395 

392 

•000X7 

3.457 

227.5 

10.392 

1*613 

213.7 

200*00 

3.00 

736 

456.5 

25.438 

1.3124 

.3282 

350 

.000X3 

3.880 

233.6 

16.984 

1.678 

222.3 

300.00 

2.00 

668 

434.3 

25.438 

1.3203 

• 3220 

326 

.000X4 

4.140 

236.7 

22.672 

1.711 

226.7 

300.00 

1.20 

589 

409.2 

25.438 

1.3301 

• 3148 

297 

.00012 

4.484 

240.1 1 

'32.650 

1.746 

231.4 

800.00 

• 75 

524 

388.8 

25.438 

1.3385 

.3089 

272 

.00011 

4.819 

242.8 

45.664 

1.775 

235.2 

1000.00 

• 60] 

493 

379.9 

25.438 

1.3423 

.3063 

260 

•00011 

4.985 

244.0 

53.587 

1*788 

236.9 

1300.00 

• 40 

446 

365.1 

25.438 

1.3491 

• 3019 

242 

•000X0 

5.298 

245.9 

71.604 

1*806 

239.6 





R * 4.00* PERCENT FUEL 

- 15.07. 0/F 

5.636 




1.00 

600.00 

1877 

814.0 

26.566 

1*2276 

0.4111 

672 

0.00034 






1.03 

571.43 

1861 

807.1 

26.568 

1.2288 

.4088 

668 

•00034 

0.282 

272.9 

2*188 

0*204 

24.4 

1.60 

375 • 00 

1719 

750.8 

26*581 

1.2393 

.3911 

634 

.00031 

• 891 

149.5 

1*011 

•622 

74.1 

1*80 

333.68 

1680 

735.9 

26.584 

1.2421 

.3868 

624 

*00030 

1.000 

148,7 

1*000 

.691 

82.4 

2.00 

300.00 

1646 

722.7 

26.586 

1.2446 

.3831 

616 

.00029 

1.092 

149.2 

1*007 

.747 

89*1 

10.00 

60.00 

1179 

553.9 

26.596 

1.2775 

• 3441 

493 

•00022 

2.150 

175.9 

2*136 

1.261 

150.4 

20.00 

30.00 

1012 

497*3 

26.596 

1.2902 

• 3322 

445 

•00019 

2. 349* 

185.6 

3*322 

1.392 

166.0 

20.41 

29.39 

1007 

495*7 

26.596 

1.2906 

• 3319 

444 

•00019 

2.560 

186.1 

3*367 

1.35! 

166.4 

40*00 

15.00 

863 

448.8 

26.596 

1.3028 

• 3215 

399 

.00017 

2.948 

194.0 

5.280 

1.494 

178.2 

40.83 

14.70 

• 39 

447.5 

26.596 

1.3032 

• 3211 

398 

.000X6 

2.960 

194,2 

5*354 

1.497 

178.6 

80*00 

7.50 

733 

407.5 

26.596 

1.3162 

• 3110 

356 

•00014 

3.358 

200.7 

8*497 

1.577 

188.0 

100.00 

6.00 

694 

395.7 

26.596 

1.3205 

• 3078 

343 

♦00014 

3.494 

202.6 

9.920 

1.600 

190.8 

200.00 

3.00 

383 

362.6 

26.596 

1.3341 

• 2983 

303 

•00012 

3.934 

207.6 

16.099 

1.662 

198.2 

300.00 

2.00 

528 

345.7 

26.596 

1*3417 

.2934 

281 

.00011 

4.205 

210.4 

21.402 

1.692 

201.B 

500.00 

1.20 

443 

326.8 

26.596 

1.3509 

• 2877 

254 

•oooio 

4.565 

213.2 

30.665 

1.726 

205.9 

800.00 

.75 

410 

311*5 

26.596 

1.3580 

• 2834 

231 

.00009 

4.917 

215.5 

42.716 

1.753 

209.1 

1000.00 

.60 

386 

304.9 

26.596 

1.3608 

• 2818 

221 

.00008 

5.092 

216.4 

50.009 

1.765 

210.5 

1500.00 

• 40 

547 

293.8 

26*596 

1.3650 

.2794 

203 

.00008 

a. 42! 

218.0 

66.614 

1.784 

212.7 





R - 5*00. PERCENT FUEL 

■ 12.43. 0/F 

7.046 




1.00 

600.00 

1641 

677.0 

27*398 

1.2506 

0.3639 

621 

0.00028 






1.05 

571*43 

1625 

671.3 

27*399 

1.2517 

• 3625 

617 

•00028 

0.260 

251.1 

2.201 

0.206 

22.4 

1.60 

375. Ofl 

1491 

623,7 

27.403 

1.2607 

• 3515 

583 

•00026 

• 885* 

137.2 

1.013 

• 624 

68.1 

1.81 

331.33 

1454 

610.5 

27.404 

1.2632 

• 3487 

573 

.00025 

l.OOC 

136.4 

1.000 

• 698 

76.1 

2.00 

300*00 

1424 

600.1 

27.404 

1.2652 

• 3465 

566 

• 00025 

1.085 

136,7 

1*006 

.750 

81.8 

10.00 

60.00 

1001 

459,7 

27.406 

1.2941 

• 3191 

448 

•00018 

2.151 

160.5 

2.106 

1.260 

137.5 

20.00 

30. Ov 

• 53 

413.2 

27.406 

1.3065 

• 3091 

402 

.00016 

2.553 

169.3 

3.25T 

1.389 

131.5 

20.41 

29.39 

849 

411.9 

27.406 

1.3068 

• 3088 

400 

•00016 

2.567 

169.5 

3.300 

1.392 

151.9 

40.00 

15.00 

723 

373.6 

27.406 

1.3197 

.2993 

358 

.00014 

2.961 

176.5 

5.149 

1.489 

162.5 

40.83 

14.70 

720 

372.5 

27.406 

1.3201 

.2990 

357 

•00014 

2.973 

176.7 

5.220 

1.492 

162.8 

80.00 

7.50 

610 

340*i 

27.406 

1.3335 

.2900 

317 

.00012 

3.380 

182.4 

6.240 

1.569 

171.2 

100.00 

6.00 

577 

330.6 

27.406 

1.3378 

.2871 

305 

.00012 

3.520 

16*. 1 

9,603 

1.591 

173,6 

200.00 

3.0C 

483 

304,0 

27.406 

1.3509 

.2792 

267 

•OOOIO 

3.972 

168.6 

15.498 

1.651 

180.2 

300,00 

2.0C 

434 

290.5 

27.406 

1*3579 

.2751 

247 

.00009 

4.252 

190.9 

20.539 

1.661 

183.4 

300.00 

1.20 

379 

275.5 

27.406 

1*3649 

.2712 

2 22 

•00008 

4.626 

193.3 

29.324 

1.712 

186.9 

800.00 

.75 

334 

263.4 

27.406 

1,3697 

.2687 

201 

•00007 

4.993 

195.3 

40.741 

1.739 

189.7 

1000.00 

• 6ti 

313 

258*1 

27*406 

1*3715 

.2677 

191 

.00007 

5.175 

196.1 

47,644 

1.750 

190.9 

1500.00 

• 40 

282 

249.3 

27*406 

1*3739 

• 2664 

175 

.00006 

5.520 

197.5 

63,355 

1.768 

192.9 
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KA.CA EM E58A.21 

TABLE II. - Continued. THEORETICAL ROCKET EERFORMANCE AT ASSIGNED PRESSURE RATIOS PROM 1 TO 1500 

FOR LIQUID AMMONIA WITH LIQUID OXYGEN 


(d) Combust ion-chamber pressure, 600 pounds per sqii'are inch absolute; frozen 
composition during isentropic expansion 


Pressure 

ratio, 

*Jr 

Static 

pressure, 

lh/sQ ia. 

ab. 

Te^jer- 

eture, 

T, 

OK 

*ntbal- 
S Jr 

. 

e*i/a 

Molecular 

weight. 

Isen- 

tropie 

exponent, 

r 

Specific 

heat, 

Op, 

Abso- 

lute 

viscos- 

ity, 

Pj 

■lcro- 

polaee 

7har»,l 

conduc- 

tivity, 

cal? ( *eo) 

Mach. 

auaber, 

K 

Spec If lb 
l^ulse, 
Xvac* 

Area 

ratio, 

c 

Thrust 

coeffi- 

cient, 

°T 

Specific 

ionise, 

Clb)/«tc) 

Tzrm 

ll 




■ 0.40. 

PERCENT FUEL 

» 63.95* O/F ■ 

0.564 




1*00 

600.00 

134* 

3350*2 

13*316 

1*2956 

0,6540 

453 

0*004)38 






1.05 

571.43 

1334 

334Q.4 

13.316 

1,2966 

.6524 

450 

•00038 

0.275 

326*2 

2.226 

0.208 

29.1 

1.60 

375.00 

1210 

3260.3 

13.316 

1.3053 

• 6381 

421 

•00035 

• 672 

177.3 

1*015 

• 630 

88.3 

1.84 

326.41 

1171 

3235.9 

13.316 

1.3082 

• 6335 

412 

.00034 

1.000 

176.0 

1*000 

• 712 

99.7 

z.oo 

300.00 

U4a 

3221.3 

13.316 

1.3100 

• 6307 

406 

•00033 

1.072 

176*3 

1*004 

• 754 

105,9 

10.00 

60.00 

772 

2993.1 

13.316 

1.3421 

.5855 

309 

.00024 

2*149 

204.7 

2*030 

1.251 

176.3 

20.00 

30.00 

646 

2*19,9 

13.316 

1.3530 

.5720 

272 

.00021 

2.569 

215,2 

3*093 

1.361 

193.5 

20.41 

29.39 

643 

2917.9 

13.316 

1.3532 

.5717 

271 

•00021 

2.581 

215.4 

3.133 

1.384 

199.9 

40.00 

15.00 

338 

2858.8 

13.316 

1.3618 

.5627 

237 

•00018 

2 .998 

223.7 

4.823 

1*476 

206.6 

40.85 

14.70 

335 

2857.1 

13.316 

1.3620 

• 5615 

236 

.00018 

3.011 

223,9 

4*888 

1*478 

207.1 

80.00 

7.50 

' 447 

2807.9 

13*316 

1.3680 

• 5548 

206 

•ooois 

3.447 

230*6 

7,629 

1*550 

217.2 

100.00 

6.00 

421 

2793.5 

13*316 

1.3696 

.5530 

196 

.00015 

3*597 

232,5 

1.863 

1*571 

220.1 

200.00 

3.00 

349 

2753.8 

13*316 

1,3744 

• 5478 

168 

•00012 

4.083 

237.7 

14.191 

1.626 

227.8 

500.00 

2.00 

312 

2T13.S 

13.316 

1.3768 

.3453 

154 

.00011 

4.383 

240.3 

18.744 

1.653 

231.6 

500.00 

1.20 

271 

2711.6 

13.316 

1.3793 

• 5427 

136 

•00010 

4.781 

243.2 

26.680 

1.662 

235*7 

500.00 

• 75 

236 

2693,7 

13.316 

1.3842 

.5377 

122 

•00009 

5,163 

245.5 

36.978 

1.705 

239,0 

1000.00 

,60 

224 

2666.0 

13.316 

1,3871 

• 5348 

115 

.00008 

5.351 

246.4 

43.117 

1*715 

240.4 

1500.00 

.40 

200 

2673.2 

13.316 

1.3927 

• 5293 

104 

•00007 

5,707 

248.0 

57.266 

1*732 

242.7 

: 



> 0,90. 

PERCENT FUEL 

- 58.67* O/F 

0.705 




1.00 

600.00 

17B« 

8075,9 

14*516 

1.2623 

0.6588 

555 

0*00046 






1*05 

371.43 

1766 

3064.0 

14.516 

1.2630 

.6573 

551 

*00046 

0.279 

359.6 

2.206 

0.206 

32.1 

1.60 

373,00 

1617 

2966.5 

14,516 

1,2697 

• 6444 

520 

•00042 

• 882 

196.3 

1.013 

.626 

97.5 

1.82 

330.40 

1374 

2938.9 

14.516 

1.2719 

.6404 

510 

.00041 

1.000 

195.0 

1,000 

.700 

109.2 

2.00 

300.00 

1541 

2*18.3 

14.516 

1.2736 

.6372 

503 

•00041 

1.083 

193.5 

1.006 

.751 

117.1 

10.00 

60.00 

1074 

2632,3 

14.516 

1.3057 

.5847 

394 

.00030 

2.149 

229.0 

2*090 

1.260 

196*4 

20.00 

30.00 

*11 

2538.4 

14.516 

1.3201 

.5646 

331 

•00026 

2.355 

241.3 

3*218 

1.387 

216*2 

20.41 

29.39 

906 

2535.9 

14.516 

1.3205 

.5641 

330 

•000.26 

2.568 

241.7 

3.261 

1.390 

216.8 

40.00 

13.00 

768 

2459.0 

14.516 

1.3335 

.5474 

311 

.00022 

2.967 

231.4 

5,065 

1.486 

231.7 

40.85 

14.70 

764 

2456.8 

14.516 

1.3339 

.5469 

310 

•00022 

2.979 

231.7 

3,134 

1.469 

252.1 

80.00 

7.50 

644 

23*2.1 

14.516 

1.3450 

.5338 

274 

•00019 

3.396 

299.6 

8,071 

1.565 

243.9 

100.00 

6.00 

608 

2373.0 

14.516 

1.3482 

.3301 

262 

•00018 

3.539 

261.9 

9.393 

1.566 

247.3 

200.00 

3.00 

3d8 

2320.2 

14.516 

1.3571 

.5203 

228 

• 00616 

4.003 

268.2 

15,126 

1.645 

256.4 

500.00 

2.00 

456 

2293.3 

14,516 

1.3609 

.5163 

210 

.00014 

4.292 

271.3 

20.032 

1.674 

260.9 

500.00 

1.20 

398 

2263.7 

14,516 

1,3650 

.3120 

188 

.00013 

4.673 

274.8 

28.601 

1.705 

265.8 

800.00 

• 75 

331 

2239.6 

14*516 

1*3683 

• 5086 

169 

.00012 

5.045 

277.3 

39.755 

1.730 

269.8 

1000*00 

• 60 

330 

2229.2 

14*516 

1*3696 

.5073 

161 

•00011 

5.228 

278*7 

46*505 

1.741 

271,4 

1500.00 

.40 

296 

2211.8 

14*916 

1*3717 

.5053 

146 

•oooio 

5.575 

210.6 

61*881 

1.759 

274.2 





■ 0*60. 

PERCENT FUEL 

• 34.19, 0/F 

0.845 j 

1.00 

600.00 

2171 

2*43.5 

15*710 

1.2400 

0.6536 

640 

0.00052 






1.05 

371.43 

2150 

2830.1 

15,710 

1.2405 

.6924 

636 

*00052 

0.281 

381,5 

2.193 

0.205 

34.1 

1.60 

375.00 

I960 

2720,2 

15.710 

1.2455 

.6417 

602 

•00048 

• 889 

208.8 

lioi: 

.623 

103.6 

1*80 

333.20 

1933 

2690.9 

19*710 

1,2471 

.6384 

393 

•00047 

1.000 

207.6 

1.000 

.693 

115.2 

2*00 

300.00 

1893 

2665.5 

15*710 

1.2485 

.6355 

585 

•00046 

1.091 

208.2 

1.007 

.748 

124,5 

10.00 

60.00 

1358 

2336.7 

15*710 

1.2749 

• 5866 

468 

•ooois 

2.151 

245.6 

2.139 

1.262 

210.0 

20*00 

30.00 

1166 

2226,2 

15.710 

1,2887 

• 5647 

421 

*00030 

2.348 

259.4 

3,329 

1.393 

231,8 

20*41 

25.39 

1161 

2223*2 

15*710 

1.2891 

• 5640 

420 

.00030 

2.560 

259.8 

3.374 

1.396 

232.3 

40*00 

15.00 

993 

2131.6 

15,710 

1*3032 

.5436 

377 

•00026 

2.946 

270.9 

5.202 

1*496 

248.9 

40*13 

14.70 

991 

2129*0 

15,710 

1,3037 

.5430 

376 

.00026 

2.957 

271.2 

5*366 

1*499 

249.3 

80*00 

7.50 

845 

2051*1 

19.710 

1*3174 

• 5230 

336 

.00023 

3.335 

280.3 

8*312 

1*578 

262.6 

100.00 

6.00 

800 

2027.8 

15*710 

1*3218 

.5195 

323 

.00022 

3.492 

282.9 

9*936 

2*601 

266.4 

200*00 

3.00 

674 

1963*3 

15*710 

1*3343 

.5048 

265 

•00019 

3.933 

290*1 

16*118 

1*663 

276.7 

300.00 

2.00 

609 

1930.5 

15.710 

1*3407 

.4978 

264 

•00017 

4.206 

293*7 

21*429 

1.694 

281.9 

500.00 

1.20 

534 

1693.6 

15.710 

1.3478 

.4901 

239 

.00015 

4.568 

297.7 

30*721 

1.728 

287.5 

800.00 

.75 

473 

1863.7 

15.710 

1*3533 

• 4845 

217 

*00014 

4.921 

300.9 

42*837 

1.753 

292.0 

1000.00 


446 

1650.7 

15,710 

1.3554 

.4824 

207 

*00013 

5,096 

302.3 

50*179 

1.766 

293.9 

1500.00 

• 40 

401 

1829.0 

15.710 

1.3589 

.4789 

189 

• 00012 

5.427 

304.3 

66*923 

1.706 

297.1 





■ 0.70, 

PERCENT FUEL 

- 50.34, O/F 

0*986 


1.00 

600.00 

2503 

2644.0 

16*876 

1,2243 

0.6428 

711 

0«000i6 






1.05 

371.43 

2481 

2629.7 

16.876 

1.2247 

.6418 

707 

•00056 

0*283 

393.4 

2*183 

0.204 

33.3 

1*60 

373.00 

2293 

2511.3 

16.876 

1.2287 

• 6326 

671 

•00092 

• 194 

216.9 

1.011 

• 620 

107.5 

1*7* 

333.17 

2247 

2481*3 

16.876 

1.2299 

• 6300 

662 

•00051 

1.000 

213.8 

1.000 

• 687 

119.0 

2.00 

300.00 

2201 

2452*3 

16.876 

1,2310 

.6274 

653 

•00051 

1.096 

216.5 

1*008 

♦ 746 

129.2 

10*00 

60.00 

1611 

20*3*3 

16,876 

1*2919 

• 5891 

531 

.00039 

2*154 

296.6 

2.176 

1.264 

218.9 

20.00 

30.00 

1398 

1970.7 

16.876 

1*2638 

.5641 

482 

,00034 

2*545 

271.6 

3.415 

1.397 

242.1 

20.41 

29.3* 

1392 

1967.3 

16,876 

1.2642 

.5634 

481 

,00034 

2.556 

272.0 

3.462 

1.401 

242.7 

40.00 

15.00 

1206 

1864.6 

16*876 

1*2770 

.9428 

436 

•oooio 

2.932 

284.2 

5*478 

1*304 

260.4 

40*15 

14.70 

1201 

1861.7 

16.876 

1.2775 

• 5422 

435 

.00030 

2*944 

284.3 

5.556 

1.506 

260.9 

80.00 

7.50 

1034 

1773,3 

16*876 

1.2914 

.5218 

392 

•00026 

3.327 

294,5 

8.892 

1.589 

273*3 

100*00 

6,00 

983 

1746.8 

16*876 

1.2961 

.5159 

378 

.06025 

3.456 

297.4 

10.408 

1.613 

279.4 

200.00 

5*00 

837 

1672,6 

16*876 

1.3104 

.4971 

337 

.00022 

3.879 

303.3 

17.027 

1.679 

290.7 

300.00 

2.00 

759 

1634.5 

16*876 

1.3184 

.4876 

314 

•oooio 

4.138 

309.5 

22*738 

1.711 

296.4 

500.00 

1.20 

670 

1591.6 

16.876 

1.3276 

.4772 

286 

•ooois 

4.462 

314.0 

32*762 

1.747 

30Z.6 

800.00 

.73 

596 

1536.6 

16.876 

1.3352 

.4690 

262 

«000l6 

4.816 

317.3 

45.874 

1.776 

307.6 

1000,00 

• 60 

564 

1541,3 

16*876 

1.3366 

• 4655 

230 

• 00015 

4*982 

319*1 

53.831 

1.788 

309.6 

1500.00 

• 40 

508 

1315.7 

16.676 

1.3441 

.4599 

231 

• 00014 

5,293 

321.6 

71*999 

1*80? 

313.3 


4663 
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TABUS II. - Continued, THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRES SORE RATIOS FROM 1 TO 1500 

FOR LIQUID AMMONIA. WITH LIQUID OXYCffiH 


(d) Continued. Combustion-chamber pressure, 600 pounds per square inch absolute} 
frozen composition, during isentropie expansion 


Pressure 

ratio, 

»c/P 

St* tic 
pressure, 
P, 

lb/oq in. 

•be 

Temper- 

ature, 

T, 

0£ 

Enthal- 
py* 
h » . 
cal/* 

Ifcleculsr 

vaiflbt, 

Jl 

laen- 

trople 

«tyr»nt } 

r 

Speeirto 

baat, 

«P» 

cal 

Abso- 

lute 

riseoe- 

Ity, 

Pi 

■iaro- 

poiaes 

1-1 

tech 

amber, 

K 

Specific 
impulse, 
Wi 
(lbj (sec) 

Area 

ratio, 

t 

Thrust 

coeffi- 

cient, 

<?r 

Specific 

Impulse, 

(Ik) fsec) 

TslT’H 

| lb 

Us 





R - 0,80. PERCENT rUEL 

- 47.01, O/F 

B 1.127 




1.00 

600.00 

2760 

2471.0 

17,957 

1.2139 

0.6281 

767 

0,00059 






1.09 

571.43 

2737 

2456.2 

17.957 

1.2142 

.6272 

762 

,0005* 

0.284 

402.6 

2,176 

0,203 

35.* 

1.60 

375.00 

2539 

2333.3 

17.957 

1.2174 

• 6196 

726 

•00035 

.897 

221.2 

1.010 

• 619 

109.5 

1.7* 

336.51 

2491 

2303.1 

17.957 

1.2183 

.6176 

717 

.00054 

1.000 

220,1 

1.000 

• 683 

120,9 

2.00 

300.00 

2440 

2271.8 

17.957 

1.2193 

• 6153 

70? 

.00053 

1,100 

220,9 

1.009 

,744 

131,7 

10.00 

60.00 

1*11 

1*95.5 

17.957 

1.2368 

.5781 

581 

•00042 

2,155 

262,7 

2.202 

1,265 

223,8 

20.00 

30.00 

15*2 

1765.5 

17.957 

1.2466 

.3593 

531 

•00037 

2.542 

278.5 

3.476 

1,401 

247,6 

20.41 

29.39 

157< 

1761.9 

17.957 

1.2470 

• 3588 

529 

•0003? 

2.554 

276.9 

3.525 

1,404 

248.4 

40.00 

15.00 

1376 

1652.2 

17.957 

1.2564 

.5389 

483 

•00033 

2.923 

291.7 

5.612 

1,509 

266.9 

40.83 

14.70 

1370 

1649.1 

17.957 

1.2588 

• 5383 

481 

•00033 

2.935 

292.1 

5.693 

1,512 

267.4 

80.00 

7,50 

1190 

1553.9 

17.957 

1.2715 

• 5183 

437 

• 00029 

3,310 

302.8 

9.173 

1,597 

282.5 

100.00 

<•00 

1134 

1525.2 

17,957 

1.2760 

.3116 

422 

•00027 

3,436 

305.9 

10.762 

1,622 

286.9 

200.00 

3.00 

973 

1444.5 

17.957 

1.2904 

.4917 

379 

•00024 

3,843 

314.6 

17.730 

1,690 

298,9 

300.00 

2.00 

888 

1402.7 

17.957 

1.2989 

• 4809 

355 

•00022 

4.092 

318.9 

23.773 

1.724 

304.9 

500.00 

1.20 

788 

1B55.4 

17.957 

1.3093 

• 4684 

325 

•00020 

4.421 

323.7 

34.418 

1.761 

311,6 

800.00 

.75 

704 

1316.6 

17,957 

1.3183 

• 4583 

300 

.00018 

4.740 

327.6 

48.386 

1.792 

316,9 

1000,00 

• 60 

667 

1299.7 

17.957 

1.3223 

.4540 

288 

.00017 

4.899 

329.3 

56.680 

i.aos 

319,2 

1500.00 

• 40 

604 

1271.2 

17,957 

1.3291 

.4469 

266 

#00016 

5.198 

332.1 

76.307 

1.82? 

323,1 





R - 0.90. PERCENT FUEL 

■ 44,09* O/F 

1.268 




1.00 

600.00 

2922 

2319.5 

18.893 

1.2077 

0.6116 

805 

0.00060 






1.05 

571. *3 

2897 

2304.6 

16.893 

1.2080 

• 6108 

801 

.00059 

0.285 

403.8 

2.173 

0.203 

36.0 

1.60 

375.00 

2693 

2180.8 

18,893 

1.2110 

.6038 

764 

•00056 

■ 899 

222.0 

1,010 

• 616 

109.9 

1.7* 

337.27 

2644 

2151.0 

18,893 

1,2117 

.6019 

755 

.00055 

1.000 

221.0 

1,000 

.681 

121.1 

2.00 

300.00 

2590 

2118.8 

18.893 

1,2126 

.5999 

745 

•00054 

1.102 

221,6 

1,009 

.743 

132.2 

10.00 

60.00 

1938 

1737,6 

18.893 

1,2279 

.5667 

615 

.00043 

2.156 

264.4 

2.218 

1.266 

225.0 

20.00 

30.00 

1701 

1605.1 

18.893 

1,2369 

• 3492 

564 

.00038 

2.541 

280.5 

3.513 

1,403 

249.3 

20.41 

29.39 

1694 

1601.4 

IS. 693 

1.2372 

.5487 

563 

.00038 

2.552 

281.0 

3.562 

1,406 

250.0 

40.00 

15.00 

1486 

1489.0 

18.893 

1,2473 

.5304 

515 

.00034 

2.919 

294.1 

5.693 

1.512 

268.8 

40.83 

14.70 

1480 

1485.8 

18.893 

1.2477 

.3298 

513 

.00034 

2.930 

294.5 

5.776 

1.515 

269.3 

80.00 

7.50 

1292 

13*7.9 

18.893 

1.2595 

.5105 

465 

.00030 

3.300 

305.5 

9.345 

1.602 

284.7 

100.00 

<•00 

1234 

135*. 3 

18.893 

1.2637 

.5041 

449 

•00029 

3,424 

308.7 

10.979 

1.627 

289.2 

200.00 

3.00 

1064 

1274.6 

18.893 

1.2777 

• 4840 

396 

.00024 

3,823 

317.7 

18.171 

1,696 

301.5 

300.00 

2.00 

973 

1231.2 

18.893 

1.2861 

.4728 

364 

•00022 

4.066 

322.2 

24.429 

1.731 

307.7 

500.00 

1.20 

867 

11*1.8 

18.8*3 

1.2967 

.4596 

325 

.00019 

4.386 

327.3 

35.486 

1,770 

314,6 

800.00 

• 75 

778 

1141«1 

18.893 

1.3063 

.4485 

295 

•00017 

4.696 

331.3 

50.034 

I, *01 

320,2 

1000.00 

.60 

731 

1123,3 

18.693 

1.3107 

• 4437 

281 

.00016 

4.849 

333.1 

58.894 

1,815 

322,6 

1500.00 

.40 

670 

1093,3 

18,893 

1.3182 

.4357 

257 

.00013 

5.139 

336.0 

79.187 

1,838 

326,6 





R ■ 0,95. PERCENT FUEL 

- 42,76* O/F 

1.339 




1.00 

600.00 

2963 

2250.6 

19.291 

1.2061 

0,6028 

816 

0.00060 






1.05 

571.43 

2939 

2235.8 

19.291 

1.2064 

• 6021 

814 

•00059 

0.2*5 

402.6 

2.172 

0,203 

35,9 

1.60 

375.00 

2733 

2112 .8 

19.291 

1.2093 

.5953 

776 

•00056 

• 900 

221.4 

1.010 

.618 

109,5 

1.7* 

337.47 

2684 

20*3.3 

19.291 

1.2100 

• 5935 

767 

.00055 

1.000 

220.3 

1.000 

.681 

120,6 

2«00 

300.00 

2630 

2051.1 

19,291 

1.2109 

• 5915 

757 

•00054 

1.103 

221,2 

1.009 

,743 

131.7 

10.00 

60.00 

1972 

1671,* 

19.291 

1,2256 

• 5596 

626 

.00043 

2,156 

263,8 

2.222 

1,266 

224,4 

20.00 

30.00 

1732 

1539.7 

19.291 

1,2343 

.5426 

574 

•00039 

2.541 

279.9 

3,522 

1,403 

24*, 7 

20.41 

29.39 

1726 

1536.0 

19.291 

1,2346 

.5421 

573 

.00036 

2.552 

260.4 

3.572 

1,407 

249,4 

40.00 

15.00 

1516 

1423.9 

19.291 

1.2444 

• 5244 

325 

•00034 

2,917 

293.5 

3e714 

1,513 

266,2 

40.83 

14.70 

1509 

1420*7 

19.291 

1,2448 

.3239 

523 

.00034 

2.929 

293.9 

5.798 

1,516 

266,7 

80.00 

7.50 

1319 

1322,8 

19.291 

1,2564 

• 5048 

477 

•00030 

3.297 

304.9 

9.390 

1,603 

284,1 

100.00 

<•00 

1260 

1293,1 

19.291 

1.2604 

• 4985 

463 

.00029 

3.421 

308.2 

11.037 

1,628 

268,6 

ZQO.OO 

3.00 

1089 

1209,4 

19.291 

1,2742 

.4787 

418 

•00025 

3.817 

317.2 

18.290 

1.698 

301,0 

300.00 

2.00 

997 

1165.9 

19.291 

1.2826 

• 4675 

392 

•00023 

4.059 

3Z1.8 

24.607 

1.733 

307,2 

500.00 

1.20 

*19 

11X6,3 

19,291 

1.2932 

.4343 

362 

.00021 

4.376 

326.9 

35.778 

1.772 

314,2 

800.00 

• 75 

79* 

1075,5 

19.291 

1.3029 

•4431 

334 

■00019 

4*684 

331.0 

50.487 

1.604 

319,8 

1000.00 

• 60 

73* 

1057.6 

19.291 

1.3073 

.4382 

322 

•00018 

4.836 

332.7 

59.451 

1.818 

322,2 

1500.00 

• 40 

68* 

1027.4 

19.291 

1.3150 

.4300 

299 

.00017 

5.123 

335.7 

79,988 

1.840 

326,2 





R « 0.973 » PERCENT FUEL 

- 42,13* O/F 

1.374 




1.00 

600.00 

2973 

221T.7 

19,471 

1,2056 

0,5984 

823 

0.00060 






1.05 

571.43 

2950 

2202.9 

19.471 

1,2059 

• 5977 

*1* 

.00059 

0.2*5 

401.5 

2.171 

0.203 

35,8 

1.60 

3.75 • 00 

2744 

2080.6 

19.471 

1,2088 

,5909 

780 

•00056 

*900 

220.8 

1.010 

.618 

109,2 

1.78 

337.53 

2695 

2051.4 

19.471 

1.2095 

• 5892 

771 

•00035 

1.000 

219.8 

1.000 

•680 

120,3 

2.00 

300.00 

2640 

2019.3 

19.471 

1.2104 

,5*72 

761 

•00054 

1.103 

220.6 

1.009 

• 743 

131,4 

10.00 

60.00 

1981 

1641.6 

19.471 

1.2249 

• 5538 

630 

•00043 

2.156 

263.2 

2,223 

1.266 

223.9 

20.00 

30.00 

1741 

1510.3 

19.471 

1,2336 

• 5390 

578 

•00039 

2.541 

279.3 

3.525 

1.403 

248.1 

20.41 

29.3 9 

1734 

1506.6 

19.471 

1,2336 

• 5385 

377 

.00036 

2.552 

279.7 

3.575 

1.407 

248.7 

40.00 

15.00 

1524 

1394.9 

19.471 

1,2436 

.5211 

521 

• 00034 

2.917 

292.9 

5.720 

1.513 

267.6 

40. *3 

14.70 

1518 

1391.7 

19.471 

1.2439 

• 5205 

527 

.00034 

2. 92* 

293.2 

5.804 

1,516 

268.1 

80.00 

7.50 

1327 

1294.2 

19.471 

1.2554 

• 5016 

481 

.00030 

3.296 

304.3 

9.404 

1,603 

283.5 

100.00 

6.00 

126* 

1264.7 

19.471 

1.2595 

• 4954 

466 

.00029 

3.420 

307.5 

11.054 

1.629 

2S8aO 

200.00 

3.00 

1096 

11*1,2 

19.471 

1.2731 

.4757 

421 

•00025 

3.816 

316.5 

18.325 

1.699 

300.3 

300.00 

2.00 

1003 

1137.8 

19,471 

1.2815 

*4646 

395 

•00023 

4.057 

321.1 

24.660 

1.734 

306.5 

500.00 

1.20 

895 

1088.3 

19.471 

1.2922 

.4514 

364 

.00021 

4.374 

326.2 

35.865 

1.773 

313.5 

800.00 

• 75 

804 

1047.6 

19.471 

1.3019 

.4402 

337 

■00019 

4.660 

330.3 

50.623 

1.805 

319.1 

1000.00 

• 60 

763 

1029,7 

19.471 

1.3063 

.4352 

324 

.00018 

4.832 

332.0 

59.618 

1.818 

321.5 

1500.00 

• 40 

693 

999,6 

19.471 

1.3141 

• 4270 

302 

•00017 

5.118 

335.0 

80.230 

1.841 

325.6 
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TABIS II. - Continued. THEORETICAL ROCKET -PERFORMANCE AT'ASSIGNED PRESSURE RATIOS FROM I TO 1500 

FOR LIQUID AMONIA WITH LIQUiD OXYGEN 


(d) Continued. Combustion-chamber pressure, 600 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Profliur* 

ratio, 

Static 

pressure, 

lb/aq In. 

at. 

Tei^er- 

ature, 

T, 

°K 

Enthal- 

py.* 

cal/g 

Molecular 

'weight, 

Jl 

IMO- 

tropic 

exponent, 

r 

Specific 

heat, 

Abso- 

lute 

viscos- 

ity, 

fit 

micro- 

poises 

Tberml 

atroduc^ 

tiritjr, 

oal/(seo) 
(cm) (°K) 

Mach 

suiaber, 

K 

gpeolfle 

l^ulse, 

I vac* 
(lbKseo) 

Area 

ratio, 

t 

Thrust 

coeffi- 

cient, 

% 

Specific 

Ionise, 

(rblj.oa) 

ta3 (*k) 

lb 

IS 





- 1.00. 

PERCENT FUEL. 

■ 41.51 » 0/F_ 

1.409 




1 »00 

600.00 

2980 

2185.7 

19.638 

1.2055 

0.3939 

826 

0 * 00(566 






1.05 

371.43 

2936 

2171.1 

19.638 

1.2037 

.3932 

821 

•OOQ59 

0.265 

400.1 

2.171 

0.203 

35*7 

1.60 

373.00 

2750 

2049.5 

19.638 

1.2085 

• 5866 

784 

.00056 

• 900 

220.1 

1.010 

.616 

108.9 

1.78 

337.56 

2700 

2020.5 

19.638 

1.2092 

.3848 

774 

•00055 

1.000 

219.0 

1.000 

.610 

1X9.9 

2.00 

300.00 

2646 

1988.6 

19.638 

1.2101 

.3829 

764 

• 09054 

1.103 

219.9 

1.009 

• 743 

131.0 

10.00 

60.00 

1414 

1613.5 

19.638 

1.2246 

• 3518 

633 

•00043 

2(166 

262.3 

2.223 

1.266 

223.1 

20.00 

30.00 

1746 

1482.8 

19.638 

1.2331 

.3332 

381 

.00038 

2.540 

278.4 

3.327 

1*403 

247.3 

20.41 

29.39 

1739 

1479.2 

19.638 

1.2334 

.3347 

379 

.00038 

2.532 

278*8 

3.576 

1*407 

247.9 

40.00 

13.00 

1926 

1368.1 

19.636 

1.2431 

• 3173 

531 

• 09034 

2.917 

291.9 

5.724 

1*513 

266.7 

40.13 

14.70 

1322 

1365.0 

19.638 

1.2434 

• 5169 

330 

•00034 

2. 928 

292.3 

3.808 

1.516 

267.2 

80.00 

7.30 

1331 

1268.0 

19.638 

1.2349 

• 4982 

482 

.00930 

3.296 

303.3 

9.411 

1*603 

282.6 

100.00 

6.00 

1271 

1238.6 

19.638 

1.2589 

.4920 

463 

.00029 

3.420 

306.6 

11.064 

1*629 

287.1 

200.00 

3.00 

1099 

1153.6 

19.638 

1.2723 

.4725 

412 

•0OQ2S 

3.815 

315.6 

18.345 

1.699 

299.4 

300. 00 

2.00 

1007 

1112.4 

19.638 

1.2809 

.4614 

381 

• 0002? 

4.056 

320.1 

24.691 

1.734 

305.6 

300. OP 

1.20 

899 

1063.2 

19.638 

1.2913 

• 4483 

341 

•00020 

4.372 

325.2 

33.916 

1.773 

312.5 

800.00 

.73 

807 

1022.7 

19.638 

1.3012 

• *J71 

308 

•00017 

4.678 

329.3 

50.704 

1.805 

318.1 

1000.00 

.60 

766 

1004.9 

19.638 

1.3037 

• 4322 

294 

.00016 

4.630 

351.1 

39.717 

1.819 

320.5 

2500.00 

.40 

696 

974.9 

19.638 

1.3135 

• 4240 

>70 

.00015 

3.116 

334.0 

80.374 

1.842 

324.6 





- 1.10* 

PERCENT FUEL 

- 39.22. a/e 

1.550 




1.00 

*600.00 

2962 

2066.7 

20.207 

1.2057 

0.5764 

831 

0.00056 






1.05 

371.43 

2937 

2052.6 

20.207 

1.2060 

.5757 

827 

•00Q5S 

0.265 

393.2 

2.171 

0.203 

35.1 

1.60 

375.00 

2732 

1933.2 

20.207 

1.2088 

.5692 

789 

•00Q55 

.900 

216.3 

1.010 

• 618 

107*0 

l.Tfl 

337.32 

2683 

1907.2 

20.207 

1.2096 

.5676 

779 

.00054 

1.000 

215.2 

1.000 

• 680 

117*8 

2.0 0 

300.00 

2629 

1876.4 

20.207 

1.2104 

.5657 

769 

.00053 

1.103 

216.1 

1.009 

.743 

128*7 

10.00 

60.00 

Z972 

1514.3 

20.207 

1.2230 

.5354 

637 

• 0«>*2 

2.136 

257.7 

2.223 

1*266 

219.3 

20.00 

30.00 

1733 

1388.1 

20.207 

1.2336 

.5193 

584 

.oooSb 

2.341 

2T3.5 

3.323 

1*403 

241.0 

20.41 

29.39 

1727 

2384.6 

20.207 

1.2339 

• 5188 

583 

•00037 

2.552 

273.9 

3.374 

1*407 

243.6 

40.00 

13.00 

1517 

1277.5 

20.207 

1.2436 

.3021 

534 

♦00033 

2.917 

286.8 

3.720 

1*513 

262.1 

40.83 

14.70 

1511 

1274.4 

20.207 

1.2439 

.3016 

532 

.00033 

2.921 

287.2 

3.804 

1*516 

262.6 

80.00 

7.30 

1321 

1180.9 

20.207 

1.2553 

• 4135 

484 

.00029 

3.296 

298.0 

9.403 

1.603 

277.6 

100.00 

6.00 

1262 

1132.5 

20.207 

1.2394 

.4775 

468 

• ooofeo 

3.421 

301.2 

11.054 

1.629 

282.0 

200.00 

3.00 

1091 

1072.4 

20.207 

1.2730 

.4586 

414 

■00024 

3.816 

310.0 

18.323 

1.699 

294.1 

300.00 

2.00 

999 

1030.8 

20.207 

1.2813 

.4400 

382 

.00022 

4.057 

314.5 

24.661 

1*734 

300.2 

300.00 

1.20 

892 

983.3 

20.207 

1.2919 

.4333 

342 

.00019 

4.374 

319.5 

33.870 

1.773 

307.0 

800.00 

• 75 

801 

944.3 

20.207 

1.3013 

• 4243 

310 

•OOOS? 

4.680 

323.5 

50.634 

1*805 

312.5 

1000.00 

• 60 

760 

927.2 

20.207 

1,3060 

.4197 

Z96 

• 000(6 

4.832 

325.2 

59.633 

1*818 

314.9 

1500.00 

.40 

691 

898.2 

20.207 

1.3137 

.4118 

272 

.00013 

3.116 

328.1 

80.237 

1*841 

911.9 





■ 1.20. 

PERCENT FUEL 

■ 37.16. 0/F 

1.691 




1.00 

600.00 

2914 

1960.2 

20*677 

1.2071 

0.5602 

829 

0.00056 






1.03 

371.43 

2890 

1946*6 

20.677 

1.2074 

.5594 

• 25 

.00036 

0.285 

383.6 

2.172 

0*203 

34*4 

1.60 

373.00 

2697 

1833.7 

20.677 

1.2103 

.5531 

787 

•00033 

.900 

212.0 

1.010 

• 618 

104.9 

1.78 

337.35 

2638 

1806.7 

20.677 

1.2111 

• 3314 

777 

•00002 

1.000 

211.0 

1.000 

• 681 

115.6 

2.00 

300.00 

2389 

1777.2 

20.677 

1.2119 

• 5496 

767 

• 00951 

1.103 

211.8 

1.009 

• 743 

126.2 

10.00 

60.00 

1936 

1429.6 

20.677 

1.2269 

.3196 

634 

.00041 

2.156 

252*5 

2.219 

1*266 

214.9 

20.00 

30.00 

1700 

1308.6 

20.677 

1.2357 

.3039 

581 

•00036 

2.341 

268.0 

3.517 

1*403 

231.1 

20.41 

29.39 

1693 

1303.3 

20.677 

1.2339 

.3034 

580 

• 00036 

2.532 

268.4 

3.566 

1*406 

238.7 

40.00 

13.00 

1486 

1202.6 

20.677 

1.2439 

.4870 

531 

•00032 

2.918 

280.9 

3.702 

1*513 

256.7 

40.83 

14,70 

1460 

1199.7 

20.677 

1.2462 

.4865 

530 

.00032 

2.929 

281.3 

5.786 

1.313 

257.2 

80.00 

7.30 

1293 

1110.2 

20.677 

1.2377 

• 4690 

483 

.00028 

3.299 

291.8 

9.366 

1.602 

272.0 

100.00 

6.00 

1234 

1083.1 

20.677 

1.2618 

• 4632 

468 

.00027 

3.423 

294.9 

11.007 

1.628 

276.3 

200.00 

3.00 

1066 

1006.6 

20.677 

1.2733 

.4430 

422 

.00024 

3.821 

303.5 

18.231 

1.697 

288.1 

300.00 

2.00 

976 

966.8 

20.677 

1.2837 

• 4348 

397 

.00022 

4.063 

307.9 

24.522 

1.732 

294.0 

500.00 

1.20 

870 

921.3 

20.677 

1.2943 

.4227 

366 

• 0OS20 

4.381 

312.7 

35.644 

1.771 

300.6 

800.00 

.73 

781 

884.3 

20.677 

1.3039 

• 4124 

338 

• ooo is 

4.690 

316.6 

30.287 

1.803 

306.0 

1000.00 

• 60 

741 

868.0 

20.677 

1.3082 

.4079 

325 

• 00017 

4.842 

318.3 

39.209 

1.816 

308.3 

1500.00 

.40 

673 

840.4 

20.677 

1.3159 

• 4004 

302 

• 000*6 

5.130 

321.2 

79.651 

1.839 

312.1 

R ■ 1.50. 

PERCENT FUEL 

* 32.12. 0/F 

2.114 



1.00 

600.00 

2759 

1698.4 

21.847 

1.2121 

0.3198 

815 

0.00052 






1.03 

371.43 

2736 

1686.2 

21.847 

1.2124 

.3191 

• 10 

■00051 

0.284 

365.0 

2.175 

0*203 

32*6 

1.60 

373.00 

2340 

1583.2 

21.847 

1*2153 

.3130 

t72 

■00048 

• 898 

200.5 

1.010 

• 619 

99.3 

1.78 

336.73 

2492 

1360.6 

21.847 

1.2164 

.3114 

762 

.00048 

1.000 

199.6 

1*000 

• 683 

109.5 

2.00 

300.00 

2441 

1334.7 

21.847 

1.2173 

.3096 

752 

•00047 

1.101 

200.3 

1.009 

• 744 

119.4 

10.00 

60.00 

1117 

1224.8 

21.847 

1.2338 

• 4800 

619 

•00037 

2.136 

238.4 

2.207 

1.265 

203.0 

20.00 

30.00 

159Q 

1117.5 

21.847 

1.2430 

• 4634 

566 

.00933 

2.542 

252.8 

3.488 

1.401 

224.8 

20.41 

29.39 

1583 

1114.6 

21.0*7 

1.2433 

.4649 

565 

. 000)3 

2.554 

253.2 

3.537 

1.405 

225.4 

40.00 

15.00 

1383 

1023.8 

21.847 

1.2539 

•4492 

316 

•oooi? 

2.922 

264.9 

5*640 

1*510 

242.3 

40.83 

14. 7C 

1379 

1021.3 

21.847 

1.2542 

.4487 

314 

•00029 

2.934 

265.2 

5*722 

1*513 

242.7 

80.00 

7.50 

1201 

942.4 

21,847 

1.2660 

.6329 

468 

•00026 

3.307 

273.0 

9*236 

1*399 

256.5 

100.00 

6.00 

H43 

918.6 

21.847 

1.2703 

• 4273 

453 

•00025 

3.433 

277.9 

10*844 

1.624 

260.5 

200.00 

3.00 

985 

851.6 

21,847 

1.2840 

• 4113 

408 

.00021 

3.836 

283.8 

17.905 

1.692 

271.5 

300.00 

2.0C 

900 

816.8 

21.847 

1.2922 

.4023 

382 

•00020 

4.083 

289.8 

24.041 

1*726 

277.0 

500.00 

1.2C 

800 

777.4 

21.847 

1.3025 

.3916 

352 

■00018 

4.407 

294.3 

36.870 

1*764 

283.1 

800.00 

.73 

717 

745.0 

21.847 

1.3117 

• 3828 

324 

•00016 

4.722 

297.9 

49*102 

1*793 

288.0 

1000.00 

.60 

680 

730.8 

21.847 

1.3139 

.3789 

312 

•6001) 

4.878 

299.4 

57.764 

1.809 

290.2 

1300.00 

• 40 

616 

706.9 

21.847 

1 . 3233 

.3723 

289 

•00014 

5*172 

302.0 

77.590 

1.831 

293.7 


4663 ‘ 
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TABIE II. - Concluded. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 1500 


FOR LIQUID AMMONIA WITH LIQUID OXICffiN 

(d) Concluded. Comb ust ion-chamber pressure, 600 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

ratio, 

rj? 

Static 

pressure, 

P, 

lb/sq la. 

ebe 

Temper- 

ature, 

T, 

Enthal- 

py. 

cal/s 

ItoLaoalar 

rei^it. 

Isea- 

trppic 

apparent, 

r 

Specific 

heat, 

Cp, 

Abso- 

lute 

riscoe-i 

ity, 

■Lcro- 

polses 

TLereol 

eooduc- 

tlrlty, 

k, 

cal/CBOc) 

(=5™ 

amber. 

It 

Speolfla 

ionise. 

Area 

ratio, 

c 

Thrust 

coeffi- 

cient, 

»r 

Specific 

impulse. 

W(*W 

lb 






- 2.00# 

PERCENT FUEL 

■ 26.19* 0/F * 

2.818 




1.00 

600.00 

2536 

1391.0 

23.349 

1.2200 

0.4720 

786 

0*00045 






1.05 

571.43 

2513 

1380.5 

23.349 

1.2204 

.4713 

782 

•00045 

0.283 

338.3 

2.180 

0.204 

30.2 

1.60 

373.00 

2328 

1293.7 

23.349 

1.2240 

• 4651 

744 

•00043 

• 895 

185.7 

1.010 

• 620 

92.0 

1.79 

335.73 

2281 

1272.0 

23.349 

1.2250 

•4633 

7J* 

.00042 

1.000 

184.8 

1.000 

• 605 

101.7 

2.00 

300.00 

2235 

1250*4 

23.349 

1*2261 

• 4615 

724 

.00041 

1.098 

185.4 

1.008 

• 745 

110.6 

10.00 

60.00 

1646 

986.3 

23.349 

1.2444 

.4334 

591 

.00032 

2.155 

220.1 

2.180 

1.264 

187.7 

20.00 

30.00 

1433 

895.6 

23.349 

1.2545 

• 4195 

539 

*00028 

2.545 

233.2 

3.444 

1.399 

207.6 

20.41 

29.39 

1427 

893.1 

23.349 

1.2548 

.4191 

537 

•00028 

2.556 

233.5 

3.492 

1.402 

201. 1 

40.00 

15.00 

1242 

816.8 

23.349 

1.2659 

.*052 

489 

*00025 

2.929 

244.1 

5.546 

1.906 

223.5 

40.03 

14.70 

1237 

114.6 

23.3*9 

1.2662 

.40*8 

488 

•00025 

2.941 

24*. 4 

5.626 

1.509 

223.9 

80.00 

7.50 

1071 

748.6 

23.3*9 

1.2786 

• 3906 

442 

*00022 

9.320 

253.2 

9.042 

1.593 

236.4 

100.00 

6.00 

1020 

728.6 

23.349 

1.2829 

.3860 

427 

•00021 

3.449 

255.8 

10.600 

1.617 

240.0 

200.00 

3.00 

873 

673.1 

23.349 

1.2964 

.3723 

383 

•00018 

3.861 

262.9 

17.426 

1.684 

249.9 

300.00 

2.00 

793 

644.3 

23.349 

1.3045 

.3646 

359 

•00017 

4.114 

266.4 

23.338 

1.718 

254.9 

500.00 

1.20 

704 

611.7 

23.349 

1.3144 

• 3558 

329 

*00015 

4.447 

270.4 

33.746 

1.755 

260.4 

800.00 

• 75 

629 

585.1 

23.349 

1.3232 

• 3484 

302 

.00014 

4.771 

273.6 

47.391 

1.704 

264.0 

1000.00 

• 60 

595 

573.5 

23.349 

1.3272 

• 3452 

290 

.00013 

4.931 

275.0 

55.682 

1.797 

266.7 

1500.00 

• 40 

538 

553.9 

25.349 

1.3341 

• 3398 

268 

>00012 

5.234 

277.3 

74.630 

1.818 

269.9 





■ 3.00. 

PERCENT FUEL 

- 19.13. 0/F ■ 

4.227 




1.00 

600.00 

21T1 

1024.7 

25.337 

1.2350 

0.4122 

728 

0.00037 






1.05 

571.43 

2151 

1016.4 

25.337 

1,2355 

• 4115 

724 

•00037 

0.282 

300.4 

2.189 

0.204 

26.8 

1.60 

375.00 

1984 

948.2 

25.337 

1.2398 

• 4056 

686 

.00035 

• 891 

164.6 

1.011 

• 622 

•1.6 

1.80 

333.39 

1940 

930.3 

25.337 

1.2410 

.4038 

676 

.00034 

1.000 

163.7 

1.000 

• 691 

90.6 

2.00 

300.00 

1900 

914.2 

25.337 

1.2423 

.4022 

667 

.00033 

1.093 

164.2 

1.007 

.747 

98.1 

10.00 

60.00 

1373 

709.0 

23.337 

1.2636 

.3760 

537 

.00025 

2.154 

19*. 0 

2.155 

1.263 

165.7 

2C.00 

30.00 

1186 

639.6 

25.337 

1.2745 

.3641 

487 

•00022 

2.549 

205.2 

3.369 

1.395 

103.1 

20**1 

29.39 

1181 

637.7 

25.337 

1.2749 

.3638 

485 

•00022 

2.561 

205.5 

3.415 

1.391 

183.5 

40.00 

13.00 

1019 

579.7 

25.337 

1.2868 

.3519 

439 

•00020 

2.942 

214.4 

5.385 

1.499 

196.0 

40.83 

14.70 

1014 

578.1 

25.337 

1.2872 

.3515 

430 

•00020 

2.954 

214.7 

5.461 

1.502 

197.1 

80.00 

7.50 

871 

528.5 

25.337 

1.2997 

.3402 

394 

•00017 

3.344 

222.1 

0.715 

1.583 

207.0 

100.00 

6.00 

827 

513.6 

25.337 

1.3040 

• 3364 

380 

.00017 

3.477 

224.3 

10.193 

1.607 

210.9 

200.00 

3.00 

701 

472.1 

25.337 

1.3174 

.3255 

339 

•00014 

3.905 

230.2 

16.636 

1.671 

219.3 

30C.00 

2.00 

636 


25.337 

1.3253 

.3195 

315 

.00013 

4.168 

233.1 

22.188 

1.703 

223.4 

500.00 

1.20 

560 

427.0 

25.337 

1.3348 

,3127 

287 

•00012 

4.516 

236.4 

31.918 

1.738 

228.1 

aoc.oo 

• 75 

497 

407.5 

23.337 

1.3429 

.3072 

262 

.00011 

4.856 

239.1 

44.621 

1.766 

231*7 

1000.00 

.60 

469 

399.1 

25.337 

1.3468 

• 3046 

251 

•00010 

5.023 

240.2 

52.316 

1.771 

233.3 

1500.00 

• 40 

423 

384.9 

25.337 

1.3528 

.3007 

231 

.00009 

5.342 

242.1 

69.051 

1.798 

235.9 





■ 4.00* 

PERCENT FUEL 

» 15.07* 0/F - 

5.636 




1.00 

600.00 

1«77 

814.0 

26.566 

1.2487 

0.3755 

672 

0.00032 






1.05 

571.43 

1859 

807.1 

26.566 

1.2493 

.3748 

668 

•00031 

0.280 

272.8 

2.197 

0.205 

24.4 

1.60 

375.00 

1706 

751.0 

26.566 

1.2543 

.3689 

631 

•00029 

.887 

149.1 

1.012 

• 624 

74.0 

1.81 

332.23 

1667 

735.7 

26.566 

1.2557 

.3673 

621 

*00029 

1.000 

140.3 

1.000 

• 695 

02.5 

2.00 

300.00 

1632 

723.1 

26.566 

1.2570 

• 3659 

613 

.00028 

1.088 

140. T 

1.007 

• 749 

08.9 

10. 00 

60.00 

1162 

556.2 

26.566 

1.2802 

• 3418 

488 

.00021 

2.153 

175.0 

2.127 

1.282 

149.0 

20.00 

30.00 

996 

500.3 

26.566 

1.2921 

.3309 

441 

.00019 

2.553 

104.8 

3.305 

1.392 

165.2 

20.41 

29.39 

991 

498.8 

26.566 

1.2924 

• 3306 

439 

.00019 

2.565 

185.1 

3.350 

1.395 

165.6 

40.00 

15.00 

849 

452.6 

26 • 566 

1.3046 

.3204 

395 

.00016 

2.953 

192.9 

5.252 

1.494 

177.3 

40.83 

14.70 

845 

451.3 

26.566 

1.3050 

.3201 

394 

•00016 

2.965 

193.1 

5.325 

1.497 

177.6 

80.00 

7.50 

720 

412.0 

26.566 

1.3180 

• 3101 

352 

.00014 

3.365 

199.6 

0.441 

1.576 

107.0 

1QC.00 

6.00 

682 

400.3 

26.566 

1.3223 

• 3069 

339 

.00014 

3.501 

201.4 

9.861 

1.598 

109.7 

200.00 

3.00 

573 

367.8 

26.566 

1.3358 

.2976 

299 

•00012 

3.942 

206.5 

15.994 

1.660 

197.0 

300.00 

2.00 

519 

351.2 

26.566 

1.3432 

.2927 

277 

•00011 

4.215 

209.1 

21.257 

1.691 

200.7 

300.00 

1.20 

433 

332.6 

26.566 

1.3524 

.2871 

251 

•00010 

4.57# 

211.9 

30.448 

1.724 

204.6 

800.00 

• 75 

402 

317.6 

26.566 

1.3592 

.2831 

228 

.00009 

4.930 

214.1 

42.406 

1.751 

207.1 

1000.00 

.60 

379 

311.1 

26.566 

1.3618 

• 2815 

218 

.00008 

5.106 

215.1 

49.639 

1.702 

209.2 

1500.00 

• 40 

340 

300.2 

26.566 

1.3658 

.2793 

199 

.00007 

5.440 

216.7 

66.112 

1.701 

211.4 





* 3*004 

PERCENT FUEL 

* 12*43* 0/F 

7.046 




1.00 

600.00 

1641 

677.0 

27.398 

1.2610 

0.3504 

621 

0.00027 






1.05 

571.43 

1624 

671.3 

27.398 

1.2616 

.3498 

617 

.00027 

0.279 

Z51.0 

2.205 

0.206 

22.4 

1.60 

375.00 

1487 

623.7 

27.398 

1.2670 

.3441 

582 

•00025 

.083 

137.0 

1.013 

.625 

68.1 

1.81 

330.77 

1449 

610.4 

27.398 

1.2687 

• 3424 

572 

•00025 

1.000 

136.2 

1.000 

.699 

76.2 

2.00 

300.00 

1419 

600.2 

27.398 

1.2701 

• 3411 

564 

.00024 

1.084 

136.5 

1.006 

• 731 

01.7 

10.00 

60.00 

996 

460.5 

27.398 

1.2948 

• 3185 

446 

•00018 

2.152 

160.2 

2.103 

1.261 

137.3 

20.00 

30.00 

848 

414.2 

27.398 

1.3071 

.3087 

400 

.00016 

2.557 

168.9 

3.252 

1.309 

151.2 

20.41 

29.39 

844 

412.9 

27.398 

1.3075 

• 3084 

399 

.00016 

2.568 

169.2 

3.295 

1.392 

151.6 

40.00 

15.00 

719 

374.9 

27.398 

1.3203 

.2990 

357 

.00014 

2.963 

176.1 

5.140 

1.409 

162.2 

40.83 

14.70 

715 

373.8 

27.398 

1.3207 

.2987 

355 

.00014 

2.975 

176.3 

5.212 

1.492 

162.4 

80.00 

7.50 

606 

341.6 

27.398 

1.3340 

.2897 

316 

.00012 

3.382 

182.0 

8.226 

1.369 

170.0 

100.00 

6.00 

573 

332.1 

27.398 

1.3384 

• 2869 

303 

.00011 

3.522 

103.7 

9.505 

1.591 

173.3 

200.00 

3.00 

480 

305.7 

27.398 

1.3514 

■ 2789 

266 

.00010 

3.975 

108.2 

15.468 

1.651 

179.0 

300.00 

2.00 

431 

292.3 

27.398 

1.3584 

.2749 

245 

.00009 

4.255 

190.4 

20.497 

1.681 

183.0 

500.00 

1.20 

377 

277.3 

27.398 

1.3652 

.2711 

221 

•00008 

4.630 

192.9 

29.262 

1.713 

186.5 

800.00 

.75 

332 

265.3 

27.398 

1.3699 

• 2686 

200 

•00007 

4.997 

194.8 

40.653 

1.739 

169>3 

1000.00 

• 60 

312 

260.1 

27.398 

1.3717 

.2677 

190 

•00007 

5.180 

195.7 

47.540 

1.749 

190.5 

1500.00 

.40 

280 

251.4 

27.398 

1.3741 

• 2664 

174 

.00006 

5.525 

197.0 

63.216 

1.768 

192.5 
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TABLE III. - TBERMDDYNAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS FOR LIQUID 

AMM3NIA AND LIQUID OZYGEN 

(a) Chamber pressure, 300 pounds per square inch absolute; equilibrium composition 

during isentropic expansion 


Pressure 

ratio, 

Po/P 

Temper- 

ature, 

T, 

OK 

Tempera- 
ture ex- 
ponent. 

Area ratio, 

• 

Area-ratio 

exponent, 

Specific 

Impulse, 

(lbjises) 

Speclfio- 

lapulse 

exponent. 

Speclflo 

heat, 

(avfr) P , 

(cal)/(s)(°K) 

/a ln.jft 

(i ln-^ 

yj In P /ij 

VTTFTT/p 

lb 

R, 0.40; paroent fuel, 65.95; 0/F, 0.564 | 

1 .00 

134 9 

0 .000 0 





0.6541 

0 .000 0 0 

0 .0000 

1 .0 5 

13 34 

. 0000 

2 .226 

0 .0 00 0 

2 9.1 

0 .00 00 

.6 534 

.00000 

.0000 

1 .60 

12 10 

. 0000 

1.015 

.0 000 

88.3 

.0000 

.6 3 81 

.00000 


1.84 

1171 

. 0000 

1.000 

.000 0 

9 9.7 

. .00 00 

. 6335 

.00000 

EVY<M>M 

2 .00 

114 8 

. 0000 

1.004 

.0 000 

10 5.9 

.00 00 

.6 306 

.ooooo 

.00 00 

10.00 

7 72 

.oooo 

2.030 

.000 0 

17 6.3 

.00 00 

. 585 5 

.00000 

.0000 

20.0 0 

6 4 6 

.0000 

3.093 

.000 0 

19 3.5 

.0 0 00 

. 5 7 30 

.00000 

.0000 

20 .41 

6 4 3 

.00 00 

3.133 

.000 0 

193 .9 

.00 00 

.5718 

.00000 

.oooo 

4 0.00 

5 38 

. 0000 

4 .823 

.000 0 

206.8 

.00 00 

.5617 

.00000 

.oooo 

40.8 3 

535 

.0000 

4.88ft 

.oooo 

2 07.1 

.00 00 

.5614 

.ooooo 

.000 0 

8 0.00 

4 47 

.0000 

7 .639 

. oao o 

2 17.2 

.0000 

. 554 7 

.00000 

.0000 

10 0.00 

4 31 

.000 0 

8.863 

.0000 

220.1 

.oooo 

■ .5530 

.00000 

.0000 

2 0 0 .0 0 

3 4 9 

. 0000 

14 .191 

.000 0 

2 2 7.0 

.oooo 

. 5479 

.ooooo 

.0000 

3 0 0 .0 0 

312 

. 000 0 

18 .744 

.0 00 0 

2 3 1 . ft 

.0 0 00 

. 5454 

.00000 

.0000 

5 0 0 .0 0 

271 

.000 0 

26 .6 8 0 

.0 00 0 

2 3 5.7 

.00 00 

. 5429 

.00000 

.00 00 

8 00 .0 0 

2 38 

.0000 

36 .97 8 

.0 000 

3 3 9.0 

.00 00 

.5377 

.00 0 00 

.0000 

1 0 00 .0 0 

3 2 4 

. 0000 

4 3 .187 

'.0 00 0 

24 Q . 4 

.00 00 

.534 7 

.ooooo 

.0000 

1 5 00 .0 0 

3 00 

.000 0 

57 .2 66 

.000 0 

2 4 3.7 

.00 00 

.5291 

.00000 

.00 00 




R, 0.50; peroent 

fuel, 58.67; O/P, 0.705 



1 .00 

17 84 

0 . OOO 1 





0.6607 

0 .00 0 0 i 

- .0004 

1 .05 

17 66 

.00 01 

2.206 

0 .0000 

32 .1 

0 .oooo 

.6590 

.00001 

- .0004 

1 .50 

1617 

.0000 

1.013 

.000 0 

9 7.5 

.0000 

.6 450 

.000 00 

- .000 1 

1 .82 

157 4 

.0000 

1 .000 

.000 0 

109.2 

.00 00 

.6408 

.00 0 00 

- .00 0 1 

2 .00 

1542 

. 000 0 

1.006 

.000 0 

117.1 

.00 00 

. 6 375 

.0000 0 

- .000 1 

10.00 

107 5 

.0000 

3.090 

.0 000 

19 6.4 

.0000 

. 584 7 

.00000 

.0000 

20 .00 

9 11 

.000 0 

3.210 

.0 00 0 

216.3 

.0000 

. 5647 

.00 000 

.0000 

30 .41 

9 Oft 

. 0000 

3.361 

.0000 

2 16 1ft 

.00 00 

.564 1 

.00000 

.0000 

4 0.00 

7 68 

.000 0 

5 .065 

.0 000 

231.7 

.00 00 

.5474 

.00000 

.0000 

40 .83 

76 4 

.000 0 

5.134 

.000 0 

232.1 

.0000 

.5469 

.00000 

.0000 

80 .00 

644 

.0000 

8 .071 

.0000 

24 3.9 

.00 00 

. S33B 

.00000 

.0000 

100 .0 0 

608 

. 0000 

9.396 

.oooo 

247.3 

.oooo 

.5 301 

.0000 0 

.0000 

200 .00 

5 08 

. 000 0 

15 .126 

.000 0 

256.4 

.0000 

.520 3 

.00000 

.000 0 

3 00 .0 0 

4 5ft 

.0000 

30 .0 3 3 

.000 0 

260 .9 

.0000 

.5162 

.00000 

.oooo 

5 00 .0 0 

3 98 

. 000 0 

2 8 .6 02 

.000 0 

2 6 5 . 9 

.00 00 

.5118 

.00000 

.000 0 

8 00 .0 0 

35 1 

.oooo 

3 9 .7 57 

.0000 

269.8 

.00 00 

. 5087 

.ooooo 

.00 00 

10 00 .0 0 

3 30 

.00 00 

4 6 .508 

.000 0 

271.4 

.00 00 

.5073 

.ooooo 

.0000 

1 5 00 .0 0 

3 96 

.000 0 

61 .88 4 

.000 0 

274 .2 

.00 00 

. 5051 

■eqieei 

.0000 




R, 0.60; percent 

fuel, 54.19; O/P, 0.845 



1 .00 

2169 

0 .0012 





0 . 6765 

0 .00025 

- .0067 

1 .05 

2 14 9 

.0011 

2 .191 

0 .0005 

34 . 0 

0 .0005 

. 6734 

.00032 

- .0061 

1 .60 

1982 

.0004 

1.012 

.000 1 

10 3.6 

.00 0 3 

. 651 4 

.00009 

- .0026 

1 .80 

1 9 37 

.0003 

1 ,000 

.oooo 

115.2 

.00 03 

.646 1 

.00007 

- .0020 

3 .00 

18 97 

.0002 

1 .007 

- .oooo 

124.5 

.00 03 

.64 17 

.00005 

- f 00 1 6 

10.00 

1361 

- . 0001 

2.140 

- .0001 

2 10.1 

.000 1 

. 58 70 

.0 00 00 

.0000 

20.0 0 

1169 

- .0001 

3.331 

- .000 1 

231 .9 

.00 0 1 

.56 50 

.00000 

-oooo 

30.4 1 

116 4 

- .0001 

3.376 

- .0001 

233.5 

.0001 

.564 3 

.00000 

.0000 

4 0.00 

998 

-.0001 

5.295 

- .0 00 1 

24 9.1 

.00 0 o 

.54 39 

.00000 

.0000 

40.8 3 

9 9 3 

- .000 1 

5.369 

- .0001 

249.5 

.00 00 

.5433 

.00000 

.oooo 

80 .00 

8 47 

- .000 1 

8 .519 

- .0001 

262 . 8 

.00 00 

.5 252 

.00000 

.0000 

100 .0 0 

8 03 

- .000 1 

9.944 

- .000 1 

266.6 

.00 00 

.5198 

.00000 

.0000 

2 00 .0 0 

676 

- .0001 

16 .132 

- .000 1 

277 . 0 

.00 00 

.504 9 

.ooooo 

.0000 

3 00 .0 0 

6 11 

- .000 1 

31 .449 

- .000 1 

282.1 

.00 00 

.4979 

.00000 

.0000 

5 00 .0 0 

536 

- .000 1 

3 0 .751 

- .0001 

287.8 

.00 00 

. 4902 

.000 00 

.0000 

8 00 .0 0 

4 7 4 

- .0001 

4 3 .88 1 

- .0001 

292.2 

.00 00 

.484 6 

.00000 

.000 0 

1 0 00 .00 

4 47 

- .000 1 

5 0 .23 2 

- .0001 

29 4.2 

.0000 

.4824 

.00000 

.0000 

1 5 00 ,0 0 

4 02 

- .000 1 

66 .995 

- .0001 

297.4 

.00 00 

.4788 

.00000 

.00 00 




R, 0.70; percent 

fuel, 50.54; 0/P, 0.986 



1 .00 

24 9 4 

0.0061 





0 . 754 7 


- .0390 

1.0 5 

24 7 4 

, 00 57 

2.172 

0 .0018 

35.3 

0 .0033 

. 74 74 

.00149 

- .0365 

1 .60 

2 3 05 

.00 30 

1.010 

.000 3 

107.5 

.0017 

. 6937 

.OOQ 75 

- .0196 

1 .78 

22 62 

.00 35 

1 .000 

.000 0 

1 1 8 . ft 

.0016 

.682 4 

.00 0 6 2 

- .0164 

3,0 0 

22 16 

.00 30 

1 .009 

- .0 00 3 

129.3 

.0015 

.6714 

.00050 

- .0135 

10 .00 

16 33 

- .0006 

3.185 

- .0014 

2 1 9 . ft 

.0006 

. 588 4 

.0000 1 

- .0003 

20 .0 0 

14 18 

- .00 07 

3.431 

- .0013 

24 3.0 

.0004 

. 566 2 

.0 0 0 00 

. u o o n 

20 .41 

14 12 

- .00 07 

3.478 

- .0013 

2 4 3.6 

.0 0 04 

. 5656 

.00000 

.00 00 

4 0.00 

12 2 5 

- .00 07 

5.506 

- .0013 

261.5 

.0003 

. 54 4 7 

.00000 

.0000 

4 0.83 

12 19 

- . 0007 

5.585 

- .0013 

262.0 

.00 03 

. 544 1 

.00000 

.oooo 

8 0.00 

10 52 

- .0007 

8.943 

- .0013 

276.5 

.00 02 

. 5 236 

.00000 

.oooo 

1 0 O .0 0 

10 00 

- .0007 

10 .470 

- .0012 

280.7 

.00 02 

.5172 

.ooooo 

.0000 

200 .00 

8 52 

- .00 08 

17 .139 

- .0018 

292.1 

.00 02 

.4986 

.ooooo 

.0000 

300 .00 

77 3 

- .0008 

3 2 .897 

- .0012 

2 97 . B 

.0001 

. 4889 

.0000 0 

,0000 

5 00 .0 0 

6 8 3 

- .00 08 

3 3 .0 06 

- .0013 

3 04.1 

.0001 

. 478 1 

.ooooo 

. n o o o 

ft 00 .0 0 

6 08 

- .0008 

4ft .234 

- .0012 

3 0 9.2 

.00 01 

. 4698 

.ooooo 

.0000 

1 0 00 .0 0 

575 

- ,000ft 

54 .262 

- .0012 

3 11 .3 

.0001 

. 4662 

.00000 

.0000 

1 5 00 .0 0 

519 

- .0008 

72 .597 

- .0012 

3 15.0 

.000 1 

. 4 ft 04 

.00000 

.0000 
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN 


(a) Continued. Chamber pressure, 300 pounds per square inch absolute; equilibrium 
composition during isentropic expansion 


Pressure 

ratio, 

V s 

Temper- 

ature, 

T, 

OK 

Tempera- 
ture ex- 
ponent, 
n T 

Area ratio, 
& 

Area-ratio 

exponent. 

Specific 

impulse, 

I, 

(lb) (sec) 

Specific- 

impulse 

exponent, 

n I 

Specific 

heat, 

(3VSt) p , 

(oa1)/(s)(°K) 

yd In t*y T 

(a is '4) v 

lb 




R, 0.80; percent fuel, 47.01 

0/P, 1.127 




■hs ;r 

27 3 4 

Fvnrn 





0 .9466 


mini 


27 17 

Mlalii 

2.151 

0 .0030 

35 .8 

0 .00 5 5 

.934 5 




2 5 6 3 

.0100 

1.008 

.0 005 

10 9.5 

.00 47 

.8356 


iW.iI.il 

^■4 X 

2 5 28 

.0091 

1.000 

.0000 

119.7 

.00 4 5 

.8 150 

■ftTm 

PiWrl 

2 .00 

2 4 ft 2 

.0078 

1.011 

- .0 007 

131.9 

.00 42 

. 788 6 

.00250 

- .06 22 

10.00 

18 9 3 

- .0013 

2.341 

- .0057 

225.9 

.0019 

.5974 

.00012 


20 .00 

16 6 1 

-.0020 

3.544 

- .00 58 

250.5 

.0014 

. 568 3 

.000 03 



16 5 4 

- .00 20 

3.594 

- .0057 

2 51.2 

.0014 

Il- 7-^H* 

.00002 

- .0006 

f i Bui*] 

14 49 

- .0022 

5.731 

- .005 6 

270.2 

.0011 


.00000 

- .000 1 

jEgg&w ■»— .a.i 

14 4 3 

- .0022 

5.815 

- .0056 

270.8 

.0011 

ini. 

.00 0 00 

- .0001 

80 .00 

1 2 57 

- .00 23 

9.307 

- .0055 

28 6 .3 

.00 08 


.00 00 0 

.0000 

TOO .0 0 

1199 

- .0024 

11 .0 22 

- .0054 

29 0 .8 

.00 08 

.5184 

.00 00 0 

-0 000 

2 0 0 .0 0 

10 3 3 

- .00 25 

IK .203 

- .0054 

303.2 


. 49 79 

.000 00 

.0 000 

3 00 .0 0 

94 3 

- .00 25 

24 .443 

- .005 3 

3 0 9.5 

.00 05 

. 4867 

.00000 

.0000 

3 1)0 .00 

0 39 

-.0026 

35 . 4 5 5 

- .005 3 

3 16.4 

.00 04 

. 473 5 

.00000 

.0000 

8 00 .0 0 

75 2 

- .00 27 

4 9 .9 27 

- .005 3 


.00 04 

. 4625 

.00 ooo 

.0000 

1 0 0 0 .0 0 

7 1 3 

- .00 37 

50 .7 3 6 

- .005 3 


.0004 

. 4 578 

H’V 

.00 00 

15 0 0 .0 0 

6 4 6 

-.0027 

78 .899 

- .0053 

328.4 

.00 03 

. 4 500 

T.I.CTW 

.00 00 




R, 0.90 

; percent fuel, 44.09; 

0 /F, 1 . 26 a 




i .0 0 

2 8 77 


H’ ■ ■ 




1 .2266 

0 .01223 

- .2662 

1 .n s 

2 8 6 2 



0 .0 02o 

35 .9 

1 .0083 

1 .2148 

.0 1 1 «9 

- .2602 

1 .<0 

27 31 

.0189 


.0004 

10 9.8 

.00 77 

1.1072 

. 0 0 9 0 3 

- .20 73 

1 .74 

27 04 

.018? 


.0000 

119.0 

.00 75 

1 .0847 

■min 

- .19 6 7 

2.0 0 

2661 

.0 1 6ft 

1.013 

- .0 008 

132.5 

.0073 

1 .0470 


- .17 94 

10.00 

2 135 

.00 06 

2.320 

- .0105 

229.0 

.00 4 5 

. 664 5 

. 0 0 0 V 8 

- .0286 

20.0 0 

19 0 0 

-.0033 

3.704 

- .0126 

254.8 

.00 34 

.5881 

.00023 

- .00 74 


18 9.3 

-.00 34 

3 .7 57 

- .0127 

255.5 

.00 34 

. 5866 

.00 0 22 

- .00 70 

4 0.00 

1675 


6.033 

- .0131 

275.7 

.00 26 

.5510 

.00 0 04 

- - 00 1 3 

4 0.83 

16 6 8 

MMim 

6.122 

- .0131 

276.3 

.0026 

. 5 502 

.00003 

- .0012 

8 0.00 


- .00 51 

9.951 

- .0 129 

292.9 

.00 20 

.6277 

.00000 

- .00 02 

TOO .0 0 


- .00 53 

11 .7 11 

- .0 128 

2 9 7.7 

.0019 

. 5209 

.00 0 GO 

- .0001 

2 0 0 .0 0 

12 2 1 


19 .495 

- .0127 

311 .1 

.0015 

.6006 

.00 0 00 

[Uliiilia 

3 u 0 .0 0 

1 1 22 

gjaaaj 

2 6 .30 5 

- .0126 

kllrJVB 

.0013 

. 4 8 8 7 

.00000 

iTWl 4 

bOO .0 0 

10 06 

- .00 58 

38 .394 

- .0 126 

IT1WB 

.0011 

. 4 74 1 

.ooooc 

ill H 

8 0 0 .0 0 

9 07 

- .00 59 

54 .374 

- .0126 

3 31.5 

.00 1 0 

.4616 


. 0 0 C 0 

1 0 0 0 .0 0 

8 6 3 

- .00 60 

6 4 .13 6 

- .0 126 


.00 09 

. 4 559 


■ 

1 0 0 o .0 0 

787 

-.0061 

86 .55 2 

- .0 126 

bEJMmS 

.o o o e 

. 44 61 

.000 00 

CS 1 




R, 0.95 

; percent fuel, 42.76; 




HHMfl 

1.0 0 

EXEH 

|f|.| j n 




■1 

1.3349 

0 .01520 

-. 32 70 i 

1 .05 

IIlil 


2.130 

0 .0020 

35 .7 


1 .3256 

.01400 


1 .60 

m-1 litzMi 

BvTf'i 1 

1.006 

.0003 

10 9.5 


1 .2397 

.0121 o 


1.7 3 



1.000 

.0000 

110.2 

.00 85 

1 .22 2'' 

.01164 


2.0 0 

27 09 


1.014 

- .0 006 

132.1 

.00 83 

1.1901 

. n 1 0 7 r 


10.00 



3.364 

- .0100 

229.1 

mu 

. 7776 

,00 2S. 

- . 0 7 1 f> 

2 0 .0 0 

111(1 

-.0018 

3.808 

*fc W. ®L SB 

2 55.6 


.6 375 

.00070 

- .02 4 3 


20 00 

-.0019 

3.863 


2 5 6 .3 

.0047 

. 0 34 5 

.00074 

- .0233 

4 0.00 

nm 

- . 00 56 

6 .237 

miim 

277.1 

.00 37 

. 5 o 4 f . 

. rvoo i b 

- .00 54 

4 0 . ft 3 

(mi 

- .0056 

6.330 

wcBa»* mn , >1 

277.7 

. 0 0 3.7 

.5633 

.0 0 o 1 3 

- .00 51 

8 0.00 


- .0068 

10 .324 

- .0168 

294.8 


.5315 

.00002 

- .0008 

100.0 0 

15 12 

-.0070 

1 <j .16 4 

- .0168 

299.8 

■ 

. b 2 3 a 

.00001 

- . u 0 C 4 

2 0 0 .0 0 

13 21 

- .007 4 

2 0 .318 

- . 0 1 6 6 

3 13.7 

^■1 III 1 ■ 

.5026 

.ooonr 

. i' 0 C 0 

3 00 .0 0 

3 2 18 

- .0076 

27 .476 

- ,016b 

3 2 0 .8 

.0019 

.4910 

KT>i*i.ia 

.0000 

3 0 0 .00 

10 96 

- .0078 

4 0 .222 

- .0165 

328 .7 

.3B8&5SF>Iigi 



.0000 

nor) .0 0 

9 9 2 

- .0080 

O 7 .12 2 

- .0165 

3 3 5.1 




. 00 0 c 

1 0 0 0 .0 0 

9 4 5 

-.0081 

67 .46 8 

- .0 165 

3 37.9 


mBm. 

wTTTTl 

. 0 o O o 

1 boo .00 

8 6 4 

- .00 83 

9 1 .27 0 

- .0165 

34 2.5 

llJgjQQI 

BBfll 


.00 00 
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS FOR 

LIQUID AMMONIA AND LIQUID OZYGEN 

(a) Continued. Chamber pressure, 300 pounds per square Inch absolute; equilibrium 

composition during isentropic expansion 


Pressure 

ratio, 

Pc/P 

Temper- 

ature, 

T, 

OK 

Tempera- 
ture ex- 
ponent, 

nip 

Area ratio, 
8 

Area-ratio 

exponent, 

n e 

Specific 

impulse, 

(ib)fseo) 

Speoific- 

irapulse 

exponent, 

“i 

Specific 

heat, 

(aivfT)p, 

<cal)/( S )(°K) 


/a 

V* ln VP 


Yb 




R, 1.00; percent fuel, 41.51 

0 Zf, 1.403 



t .0 o 

2 9 2 8 

0.02 62 





1 . 36 51 

0 .01648 

- .3522 

1.0 6 

2 9 14 

.02 59 

2.128 

0 .0018 

35 . 5 

0 .0094 

1 . 3572 

.01617 

- .34 73 

1.60 

27 9 2 

. 02 33 

1.006 

.000 3 

108.8 

.00 90 

1 . 284 5 

.01359 

- .30 50 

l.?3 

27 6 9 

,0227 

1.000 

.000 0 

117.4 

.00 89 

1 .3700 

.01318 

- .29 69 

a .0 o 

27 28 

.0218 

1 .015 

- .0005 

131.3 

.00 87 

1 . 24 38 

.01229 

- .28 24 

10.00 

228 3 

.0098 

2.388 

- .0076 

228 .1 

.00 67 


.00460 

- .12 67 

20.00 

2089 

. 00 39 

3.887 

- .0115 

2 54.9 

.00 50 


.002 4 4 

- .07 35 

20 .4 1 

208 3 

.00 38 

3.945 

- .0116 

255.6 

.00 57 


.002 3 9 

- .0721 

4 0.00 

189 1 

- .0017 

6.453 

- .0152 

276.8 

.00 49 


.00106 

- *0353 

40 .83 

188 5 

-.0018 

6.553 

- .0153 

277.4 

.00 4 8 


.00103 

- .034 4 

80 .00 

16 9 1 

-.00 60 

10 .799 

- .0179 

295 .2 

.0040 


.00 0 36 

- .0 132 

iBBvf 

16 27 

- . 0070 

12 .7 56 

- .0185 

300.4 

.00 37 

. 5580 

.000 24 

- .00 91 


14 3 4 

- . 0089 

2 1 .4 38 

- .0195 

3 14.9 

.00 30 

.5153 

.00005 

- .0023 

3 00 ,0 0 

1 3 26 

- .0095 

2 9 .06 7 

- .0197 

3 22.3 

.00 27 

.4983 

.00002 

- .0009 

500 .0 0 

119 9 

-.0100 

4 2 .68 1 

- .0198 

3 3 0.6 

.0023 

.4810 

.00000 

- .0002 

R 00 .0 0 

1089 

-.0103 

60 .786 

- .0199 

3 37.4 

.0020 

.4668 

.00000 

- .0001 

1 0 0 0 .0 0 

10 3 9 

-. 03 05 

7 1 .89 2 

- .0199 

3 40.4 

.00 19 


.00000 

.00 00 

1 5 0 0 .0 0 

95 3 

- .0107 

97 . 495 

- .0199 

3 4 5.3 

.00 17 


IKQXEl 

.0000 





tmsMissmm 


MSKS 3 SJCS 



1.0 0 

2 9 13 

0 .0247 





1 .2483 

iwirm 

nmrBi 

1 .0 S 

2 8 98 

.02 44 

2 .13 0 

0 .0020 

34 .9 

0 .00 89 

1.2393 

.01422 

- .3068 

i .rto 

2 77 3 

.0213 

1.006 

.000 3 

107.0 

.00 8 3 

1 . 1574 

.01151 

- .260 1 

1 .74 

27 4 9 

. 0207 

1 .000 

.0000 

115.5 

.00 02 

1 .1409 

.01101 

- .2511 

2 .00 

27 07 

.01 97 

1.014 

- .0006 

129.0 

' .00 80 

1 .1117 

.01015 

- .23 54 

10.00 

22 36 

.00 64 

2 . 368 

- .0085 

2 2 3.8 

’ .00 58 

.784 8 

.00291 

- .00 34 

20.0 0 

20 30 

.0011 

3.036 

- .0118 

24 9.8 

.00 4 8 

. 6769 

.00137 

- .0437 

20 .41 

20 2 3 

. 0 03 0 

3.892 

- .0118 

250.5 

.00 4 8 

. 674 1 

.00133 

- .04 28 

4 0.00 

18 2 3 

- . 00 30 

6 . 3 3 4 

- .0143 

271.0 

.00 40 

.5972 

.00056 

- .0200 

4 0.83 

18 17 

- . 00 31 

6.430 

- .0143 

371.6 

.00 39 

. 5952 

.00 0 5 4 

- .0195 

80 .00 

1 6 31 

- .00 56 

10 .56 0 

- .0158 

28 8.7 

.00 32 

.542 1 

.00 0 1 9 

- .00 78 

100 .0 0 

3 557 

-.0062 

12.464 

- .0161 

293 .7 

.00 30 

. 528 ^ 

.00013 

- .0055 

200 .00 

J 3 68 

-.0075 

30 .90 3 

- .0167 

307 .6 

.00 24 


.000 0 3 

- .0016 

300 .00 

3 264 

- . 0.079 

38 .314 

- .0168 

3 14.7 

.002 1 

iimjvWV ’In 

.00001 

- .0007 

5 00 .0 0 

1140 

- .0083 

4 1 .518 

- .0169 

322.7 

.0018 

JffivrTV 

.00000 

- .0002 

8 00 .0 0 

10 34 

- .00 86 

59 .048 

- .0169 

329.1 

J )0 1 6 


.00000 

- .000 1 

1 0 00 .0 0 

9 0 6 

- .008 7 

69 .789 

- .0169 

3 33 .0 

.0015 

0 p § r «‘ 1 

.00000 

.0 000 

1 5 00 .00 

9 03 

- .0089 

■mm 

- .0170 

3 36.7 

.00 13 


.000 00 

.0000 

[ R , 1 . 20 j percent fuel , 37 . 16 , 

0/F, 1.691 | 

1.0 0 

287 1 

0.0222 





1.1178 

0 .0 1176 

- .2 576 

1 .05 

28 56 

. 02 I © 

3.133 

0 .0 031 

34 .2 

0 .00 80 

1 .1093 

.01147 

- .2526 

1.60 

27 26 

.0186 

1 .006 

.0003 

10 4.9 

.0075 

1 .0 34 6 

.00 9 06 

- .2100 

1 .74 

27 01 

.0182 

1 .000 

.0000 

113 .5 

.00 74 

1 .0197 

.00863 

- .2019 

3 .00 

26 59 

. 03 71 

1.014 

- .0006 

126.5 

.0072 

.994 5 

.00791 

- .18 84 

10.0 0 

2175 

.0050 

2.355 

- .0077 

2 19.2 

.00 50 

.7271 

.002 21 

- .06 62 

30.0 0 

19 68 

.0006 

3.805 

- .0105 

2 4 4.4 

.00 4 2 

.6 378 

.00105 

- .03 52 

2 0.41 

196 2 

.0005 

3.861 

- .0105 

24 5.1 

.004 2 

.6 356 

.001 0 3 

- .0344 

4 0.00 

17 6 2 

- .00 29 

6.370 

- .0126 


.00 34 

.5686 

.00043 

- .0161 

4 0 . R 3 

1756 

-.0029 

6 .364 

- .0126 

ITMt.l 

.00 34 

. 5669 

.00041 

-.0167 

80.0 0 

156 2 

-.0051 

10 .432 

- .0 139 

28 2.2 

.00 2 8 

.5 192 

. 000 1 4 

- .0061 

too .00 


- .00 56 

12 .30 4 

- .0141 

287.0 

.00 2 6 

.5067 

.0 00 09 

- .0042 

2 0 0 .0 0 


-.0066 

2 0 .59 0 

- .0146 

300.5 

.00 21 

. 4759 

.00002 

- .0012 

3 00 .0 0 

too 

- .0070 

2 7 .8 56 ' 

- .0147 

J 07 . 3 

.00 18 

. 4620 

.00001 

- .000 5 

6 00 .0 0 

BBfl 

- . 0073 

4 0 .7 8 5 

- .0147 

3 15.0 

.00 16 

. 4465 

.00000 

- .0001 

8 0 0 ,0 0 

9 88 

- .0076 

57 .925 

- .0148 

331.2 

.00 1 4 

.4 338 

.000 00 

.0000 

1000 .0 0 

ESI 

- .0077 

68 .417 

- .0148 

323 .9 

.00 1 3 

. 4381 

.00000 

.0000 

1 500 .00 

■to 

- .0070 

92 . 559 

- .0140 

328 . 4 

.00 11 

.4 183 

.00000 

.000 0 




R , 1.50 

; percent fuel , 32 . 12 ; 

0 / P , 2,114 




1 .00 

27 28 

0.0173 





0.9074 

0 .00731 

- .17 19 

1 .05 

27 12 

.0170 



32.5 

0 .0064 

.9009 

.00 7 1 0 

- .16 8 ? 

1 .60 

2579 

.0143 



9 9.3 

.00 59 

.8450 

.006 4 9 

- .13 76 

l .74 

2551 

.0136 



107 .8 

.00 58 

.8 336 

.005 1 9 

- .13 16 

3 .00 

25 09 

.0137 

yiKjicnj 

»x »i * ¥-» 

119.8 

.00 56 

.8152 

.00473 

- .1223 

10.00 

2013 

,00 26 

2.325 


206 .9 

.00 38 

.6144 

.001 17 

- .0386 

20 .00 

18 0 4 

- .00 07 

3.732 

- .0087 

2 3 0.4 

.00 30 

. 54 72 

.00050 

- .0187 

20.4 1 

17 98 

- .0008 

3 .786 

- ,0087 

2 31.0 

.00 30 

. 54 55 

.000 4 9 

- .0182 

4 0.00 

1 6 00 

- .00 30 

6 .106 

- .0100 

249.4 

.00 24 

. 4971 

.00018 

- .00 74 

4 0.03 

159 4 

- .00 31 

6.197 

- .0101 

249.9 

.0024 

, 4 959 

.00017 

- .00 7 ? 

8 0.00 

14 05 

- .0043 

10 .088 

- ,0107 

265.1 

.0019 

. 4680 

.00005 

- .0023 

100.0 0 

1 3 4 S 

- . 0046 

11 .674 

- .0108 

269.5 

.0018 

. 4 532 

.00003 

- .0015 

2 0 0 ,0 0 

117 0 

- .00 51 

19 .750 

- .0109 

281.8 

.0014 

.4310 

.00001 

- .000 3 

300 .0 0 

10 76 

- .0051 

36 .6 30 

- .0 109 

288 . 0 


.4 199 

.00000 

- .0001 

5 CJ 0 .00 

96 3 

- .0055 

3 8 .83 1 

- .0109 

294.9 


.4075 

.00000 

.0000 

8 0 0 .0 0 

8 68 

- .0050 

54 .950 

- .0 109 



. 3969 

.oooon 

.00 00 

1 0 0 0 .0 0 

6 25 

- . 005 ? 

6 4 .79 4 

- .0109 


.0009 

.392 8 

.00000 

.0000 

1 5 00 .0 0 

7 5 2 

- .0058 

87 .389 

- .0110 

iiUsS 

.00 08 

.384 0 

.00000 

.0000 


! ! 4663' 
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TABLE IH. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED ERESSUHE RATIOS FOR 

LIQUID AMMONIA AND LIQUID OUGHT 

(a) Concluded. Chamber pressure, 300 pounds per square Inch absolute; equilibrium 

composition during isentropic expansion 


Pressure 

ratio, 

Pc/P 

Temper- 

ature, 

T, 

OK 

Tempera- 
ture ex- 
ponent, 
"T 

Area ratio, 
s 

Area-ratio 

exponent, 

n e 

Specific 

Impulse, 

(lb)tsec) 

Speclflo- 

Inpulae 

exponent, 

n l 

Specific 

beat, 

(5h/?T)p, 

<=al)/(g)(°K) 


In j(\ 

{» InJ) 

^ in f/r 

u ln T /p 

lb 





R, 2.00; 

peroent fuel, 26.19 

; 0/P, 2.818 




1.0 0 

2 5 15 

0 

.0122 





pH 

0.7201 

0 

.00 3 97 

- .10 32 

1.0 5 

2 4 99 


.0119 

2.147 

0 

.0018 

30.1 


.714 8 


.00 383 

- .1004 


2 362 


.009 4 

1.008 


.000 3 

92.1 

SBfTTtH 

. 668 4 


.002 80 

- .0781 


2 3 32 


.0080 

1 .000 


.000 0 

100.4 


.6584 


.0 02 60 

- .07 35 


2 2 9 0 


.008 1 

1.012 

“ 

.0005 

111.0 




.00233 

- .0672 

10.00 

1782 


. 00 03 

2.275 

_ 

.005 2 

19 0.7 




.0 00 39 

- .0 148 

20.00 

157 4 

— 

.0016 

3.612 

- 

.0063 

2 11.8 

.0018 

yrs&wd iH8 


.O0 0 1 3 

- .00 56 

20 .41 

15 68 

- 

.0016 

3.663 

- 

.006 3 

2 12.4 

.00 18 



.000 13 

- .0054 

4 0.00 

1 377 

- 

.0025 

5.849 

- 

.0 068 

228 .8 

.0014 



.00003 

- .0016 

4 0.83 

13 7 3 

- 

. 00 26 

5.9 34 

- 

.0 068 

229.3 

.0014 

«^H* 


.00003 

- .0016 

8 0.00 

1195 

• 

o 

r> 

o 

o 

9 .579 

“ 

.0 069 

2 4 2.6 

.00 1 1 



.00 0 0 1 

- .0004 

too .00 

1141 


. 00 30 

11 .24 5 

_ 

.0 068 

2 4 6 .5 

.00 10 

. 3977 


.00000 

- .0002 


9 8 2 

- 

. 00 32 

18 .56 4 

- 

.0068 

? 5 7 . 2 

.00 08 

. 3821 


.00000 

.0000 

KTT*KSi] 

* 8*9 8 

- 

. 00 33 

24 .925 

- 

.0 068 

262.5 

.0007 

. 3738 


.00000 

.0000 

son ,oo 

7 9 9 

— 

.00 34 

36 .156 

- 

.0068 

268.5 

.0 0 06 

a? 3SOT- r -v-tH 


.00000 

.0000 

8 00- .0 0 


- 

.00 35 

50 .9 2 3 

- 

.0068 

273.7 

.0005 



.00 0 00 

.0000 

1 000 .00 


_ 

.00 35 

69 .913 

- 

.0068 

27 5 . 4 

.00 05 



.00000 

.0000 

1 500 .0 0 


- 

.00 36 

8 0 .49 0 

- 

.0068 

278.8 

.0004 



.00000 

.0000 





R, 3.00; 

percent fuel, 19.13 

; 0/P, 4.227 




1.0 0 

216 3 

a 

.00 56 






0.5151 

0 

.00 120 

- .0 368 

1.0 b 

2 146, 


.00 54 

2.168 

0 

.0014 

26 .8 

0 .00 23 

.5112 


.00114 

- .0353 

1 .A o 

20 0 4 


. 00 36 

1 .009 


.0003 

8 1.7 

.00 19 

. 479 5 


.00 07 1 

- .02 37 

1 ,?8 

1969 

■ 

Iftl'l'l'-l 

1.000 


.0 000 

■nw 

.0018 

. 472 1 


.00063 

- .0213 

2.0 0 

19 29 



1.009 

- 

.000 3 


.00 17 

. 464 1 


.00054 

- .0187 

10.00 

1 4 27 

B 

ifeSS 

2.189 

- 

.0032 


.00 08 

. 3878 


.000 0 4 

- .001? 

2 n .00 

stt 3 


l'rlTi 

3.429 

- 

.0 02 3 

18 5.1 

.00 06 

. 3700 


.000 0 1 

- .0004 

20 .41 

Bli 1 

E 

Ti'I'U 

3.476 

- 

.002 3 

18 5.5 

.00 06 

. 369 6 


.0000 1 

- .0004 

40 .00 

■ItF 1 1 


.0010 

5.488 

- 

.0022 


.00 04 

. 3 558 


.00000 

- .000 1 

4 0.83 

Ell J 


. OOl 0 

5.566 

- 

.0022 

1 fTMS 

.00 0 4 

. 3554 


.00 o n o 

- .0 0C 1 

8 0.00 

9 1 2 

fi 


8.893 

“ 

.003 2 


.00 03 

. 34 34 


.000 0 0 

.0000 

100 .0 0 

8 6 6 

1 


10 .406 

_ 

.0022 


.00 0 3 

. 3396 


.00000 

.00 00 

2 00 .0 0 

7 37 

- 

.0011 

17 .0 08 

- 

.002 1 

E-- 1: tiltS 

.0002 

. 3282 


mini 

.0000 

300 .00 

6 68 

— 

.0011 

2 2 .7 0 3 

- 

.0 021 

226.6 

.00 02 

.3221 


KittH 

.0000 

6 0 0 .0 0 

59 0 

- 

.0011 

32 .69 4 

- 

.0021 

2 31.4 

.0002 

.3148 


HflMI 

.00 00 

8 00 .0 0 

524 

- 

.0012 

4 5 .7 47 

- 

.0021 

2 35.2 

.000 1 

. 3089 



.00 00 

l o on .oo 

4 95 


.0012 


- 

.002 1 

236 .8 

.00 01 




. oo on 

15 00 .0 0 

4 4« 

- 

.0012 


- 

.0 0 21 

2 39 . 6 

.00 0 1 



Klllrf 

. oo on 





R, 4.00; 

percent fuel, 15.07; 0/P, 5.636 




1 .00 

1875 

0 

.00 21 






■whm 

0 

KEEEfl 

- .0119 

1.0 5 

18 5 8 


.00 20 

2.187 

0 

.0007 

2 4.3 

0 .000 9 

tiifira 


.000 31 

- .011? 


17 17 


.0011 

1 .011 


.000 1 

74.1 

.00 07 

iKlSl 


.00016 

- .0064 

linnEsi n ,i i 

16 8 0 


.0009 

1 .000 


.000 0 

8 2.3 

.0006 

. 389 3 


.00013 

- .00 54 


1645 


.0007 

1 .007 

- 

.000 1 

8 9.1 

.00 06 

. 385 3 


.0001 1 

- .00 45 


1179 


.0002 

2.137 


.0 006 

150.4 

.00 02 

. 3442 


.00000 

- .0002 


10 12 

- 

. 000 3 

3.323 

- 

.0 006 

16 6.0 

.00 02 

. 332 2 


.00000 

.0000 


1007 

- 

.000 3 

3.368 

- 

.0 006 

16 6.4 

.00 02 

.3319 


.00000 

.0000 


8 6 4 

- 

.0003 

5.282 

- 

.0 005 

178.3 

.0001 

.3215 


.00 0 00 


4 A . 8 3 

8 6 9 

- 

.000 3 

5.356 

- 

.0005 

179.6 

.00 01 

.3211 


.000 0 0 


80 .OO 

7 3 3 

“ 

.0003 

8.500 

- 

.000 5 

188.0 

.0001 

.3110 


.00000 

.0000 

100 .0 0 

69 5 

_ 

.0007 

9 .924 

_ 

.0005 

19 0.8 

.00 01 

. 3078 


.00 0 0 0 

.0 000 

2 0 0 .00 

585 

- 

.00 03 

16 .10 4 

- 

.0005 

198.2 

.0001 

. 29 8 3 


.ooooo 

.0000 

3 0 0 .0 0 

5 28 

- 

.0003 

2 1 .4 08 

- 

.0 005 

201 .8 

.0001 

. 2934 


.00000 

.0000 

6 0 0 .00 

4 6 3 

- 

.000 3 

30 .67 5 

- 

.0 005 

2 0 5.9 

.00 00 

. 2877 


.00000 

.0000 

8 00 .0 0 

4 10 

- 

.000 3 


- 

.000 5 

2 09 .1 

.0000 

. 28 34 


.00000 

.0000 

1 0 0 0 .0 0 

3 86 

_ 

.0003 


E 


2 10.5 

.00 00 

.2818 


.00000 

.0000 

1 5 00 .0 0 

347 

- 

.000 4 


E 


2 12.7 

.0000 

.279 4 


.00000 

.0000 





R, 5.00; 

percent 

fuel, 12.43; 0/V, 7.046 




1.0 0 

BRT1 

0 

. 00 07 







E 

i • • >VJ 

- .00 3b 

1 .05 



.00 06 

2 .200 

0 

.0003 

2 2.4 

0 .'0 0 0 3 


1 

i » iTJ 


1.6 0 

WWm^m 


.0003 

1.013 


.0000 

69.1 

.00 02 

t'HV-ITel 

1 

i i • iU 

;HRQ|| 

1 .81 



. 000? 

1.000 


.0000 

76.1 


Isshw*- 

1 

<u 


2.0 0 



.00 0? 

1 .006 

- 

.0000 

81 .8 


. 34 70 

1 


- .0010 

10.00 


_ 

.0001 

2.106 


.0001 

137.5 


imv ' ■ v 

i 

.0 0 0 00 

.0000 

2 0.00 

8 6 3 

- 

.0001 

3 .257 

- 

.0001 

15 1.5 


hUBEi « ■* k.i 

9 

.o-oooo 

.0000 

20 .41 

8 4 9 

- 

.0001 

3.301 

- 

.0001 

151.9 


TTTB 

a 

.00000 

.0000 

4 0.00 

™ ■ ■ ■ 


ptfiti 

5.149 

- 

.0001 

162.5 


sIlBB': * * LmW. 

■ 

.ooooo 

.00 00 

40.8 3 

■771 

E 

iB 

5.221 

- 

.0001 

1 6 2 . H 

I* ■ II 1 ■ 


■ 

.00 00 0 

.00 00 

8 0.00 

6 10 

- 

. 00 O 1 

8.241 

- 

.0 001 

17 1.2 

. oo oo 

. 2899 


.ooooo 

.00 00 

too .0 0 

577 


.000 1 

9.603 


.0001 

17 3.6 

.OO 00 

. 2871 


.0 0 0 00 

. 0 0 0 o 

2 00 .0 0 

4 8 3 

- 

.000 1 

15 .499 

- 

.0001 

180.2 

.00 00 

.279 2 


.ooooo 

.0000 

3 0 0 *.0 0 

4 34 

- 

.00 01 

20 .540 

- 

.0001 

18 3.4 

.00 00 

.2751 


.00000 

.0000 


379 

- 

.000 1 

29 .326 

- 

.0001 

18 6.9 

.00 0 0 

.2712 


.00000 

.0000 


3 34 

- 

.0001 

40 .744 

- 

.0001 

18 9.7 

.00 00 

.2687 


.00000 

.0000 

1 0 0 0 .0 0 

315 

_ 

.00 01 

47 .646 

_ 

.0001 

iH*' 1 

.00 00 

. 26 77 


.ooooo 

.0000 

1 5 00 .0 0 

2 8 2 

“ 

. OO 0 1 

63 .359 

- 

.000 1 

Utfil 

.0 0 00 

.2664 


.00 0 00 

.0000 
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE 
RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN 


(b) Chamber pressure, 300 pounds per square inch absolute; frozen 
composition during isentropio expansion 


Pressure 

ratio, 

Vp 

Temper- 

ature, 

Ti 

Tempera- 
ture ex- 
ponent, 

rbji 

Area ratio, 

fi 

Area-ratio 

exponent, 

n e 

Specific 

Impulse, 

I, 

{lbJ(Bec) 

Speciflo- 
im pulse 
exponent, 
n I 

ib 


R, 

0.40; percent fuel, 63.95; O^T?, C 

.564 | 

1 .0 s 

1334 

0 .0000 

2. . 2 2 6 

0 .0000 

2 9.1 

0 .0000 

1 .60 

12 10 

.0000 

1 .015 

.000 0 

8 8.3 

.00 00 

2.0 0 

114 8 

.00 00 

1.004 

.0000 

105.9 

.00 oo 

10.00 

7 72 

.0000 

2.030 

.0000 

176.3 

.0000 

30 .00 

6 4 5 

.oooo 

3.093 

.000 0 

19 3.5 

.00 00 

20.4 1 

6 4 3 

. 000 0 

3.133 

. 0 0 0 0 

19 3.9 

.00 00 

4 0.00 

5 3 8 

. 0000 

4.833 

.0000 

306.8 

.00 00 

4 0 . ft 3 

535 

. 00 00 

4.088 

.0000 

207.1 

.00 00 

9 0 .00 

4 47 

.0000 

7.629 

. o oo o 

317.2 

.00 00 

1 00 .0 0 

4 7 . 1 

.0000 

8.863 

.0000 

320.1 

.00 00 

2 00 ,00 

34 9 

. 0000 

14 .19 1 

.0000 

237.8 

.00 00 

300 .00 

3 12 

.000 0 

10 .7 4 4 

.000 0 

231.6 

.0000 

SO'O .00 

271 

. 00 0 0 

3 6 .68 0 

. 000 0 

235 .7 

.00 00 

n 00 .0 0 

2 39 

. 000 0 

36 .978 

.0000 

239 .0 

.00 oo 

1 0 0 0 .00 

2 3 4 

. 0000 

4 .3 .18 7 

.0000 

240 .4 

.0000 

i a o o .oo 

3 00 

.0000 

5 7 .36 6 

.0000 

243.7 

.00 00 


R, 

0.50; percent fuel, 58 

,87; 0/t~, 0.705 


1 .05 

17 64 

0 .0001 

2.206 

0 .0000 

32 . 1 

0 .0001 

a .60 

16 17 

. 000 1 

1.013 

. 0 C) D t> 

97 . 5 

.00 oo 

3.0 0 

1 S 4 1 

.0001 

1.006 

.0000 

117.1 

.00 oo 

3 0.00 

10 74 

.0001 

2.090 

.000 0 

196.4 

.00 00 

20 .00 

9 11 

.0001 

3.218 

.0000 

216.2 

.oooo 

20.4 1 

9 0 6 

. 0001 

3.261 

.000 0 

2 16.8 

.00 oo 

4 0.00 

7 68 

.000 1 

5 .064 

.0000 

231 .7 

.00 00 

4 0.83 

7 6 4 

.0001 

5.134 

.00 00 

2 33.1 

.oooo 

8 0.00 

6 4 4 

.0001 

8.071 

.000 0 

24 3 .9 

.oooo 

i 0 0 .00 

6 08 

.0001 

9.395 

.0000 

a 4 7 . 3 

.oooo 

2 00 .rt o 

5 08 

.0001 

15 .125 

.000 0 

2 56.4 

.0000 

300 .00 

4 56 

. 00 01 

20 .0 3 2 

.000 0 

260 .9 

.00 00 

500 .00 

398 

.oooi 

38 .600 

.0000 

265 .8 

.0000 

n oo .oo 

351 

.0001 

39 .755 

.000 0 

269.7 

.00 00 

1 0 00 .0 0 

330 

.000 1 

46 .50 5 

. 0 0 OjO 

271.4 

.00 oo 

1 500 .0 0 

296 

.000 1 

6 1 .80 0 

.0000 

374.3 

.00 00 


R, 

0.60; percent fuel, 54 

■ i9j 0 /rr c 

.845 1 

1 .0 5 

a i 4 9 

C .0011 

3.193 

0 .0001 

34 . 0 

0 .00 05 

1 .60 

19 79 

.0011 

1.012 

.000 0 

103.6 

.00 04 

3.0 0 

J 893 

.0011 

1 .007 

.0000 

124.4 

.00 04 

3 0.00 

13 57 

.0013 

2.139 

.000 1 

209.9 

.0005 

20.0 0 

1166 

.0013 

. 3.328 

.000 3 

231 .7 

.00 05 

20,41 

1160 

. 0 0 1 3 

3.373 

.0002 

233 .2 

.00 05 

4 0.00 

9 9 4 

.0014 

5.391 

.0003 

248 .8 

.00 05 

4 0.83 

9 9 0 

.0014 

5 .365 

.000 3 

2 4 9.2 

.0005 

Bn .no 

8 4 4 

. 00 1 S 

8.510 

.0003 

263.5 

.00 05 

100.0 0 

7 99 

.0015 

9.934 

.000 3 

26 6 . 3 

.00 05 

POO .0 0 

67 4 

.0016 

16 .114 

.0004 

276 .6 

.00 0 5 

300 .0 0 

6 0 8 

.0016 

2 1 .423 

.0004 

381.8 

.0005 

5 0 0 .0 0 

533 

.0017 

3 0 .7 11 

.0 005 

307.4 

.0005 

n 00 .0 0 

4 7 2 

.0017 

4 2 .8 2 3 

.0 005 

291 .9 

.0005 

10 0 0 .0 0 

4 4 5 

.0017 

6 0 .16 2 

.0005 

393.8 

.00 06 

1 5 00 .0 0 

4 0 0 

.0017 

6 6 .899 

.0006 

297.0 

.00 06 


R, 

0.70; percent fuel, 50.34; O/Fj 0 

.986 

1.0 5 

34 7 2 

0.0054 

2.183 

0 .0 003 

35 . 2 

0 .0022 

1 .60 

3 2 86 

.00 55 

1.011 

.0000 

107.3 

.002 1 

3 .00 

3193 

.0056 

1.0 08 

. o ocno 

12 9.0 

.00 21 

10.00 

16 04 

.006 4 

2.175 

.0006 

218.6 

.0033 

20 .00 

a 391 

.0068 

3.413 

. oo La 

241.7 

.0024 

20 .41 

1385 

.0060 

3.460 

.0010 

24 2.3 

.00 2 4 

4 0.00 

12 00 

.0072 

5.473 

.0013 

260.0 

.00 2 4 

4 0.83 

1195 

.0072 

5 .551 

.0013 

260.5 

.00 24 

8 0.00 

3 0 8 9 

,007a 

8.882 

.0017 

274 .8 

.00 25 

1 00 .00 

970 

.0078 

10 .396 

. 0 0 IT 

278 .9 

.00 25 

2 00 .00 

8 32 

.008 2 

17 .002 

.0021 

290 . 3 

.00 26 

3 00 .0 0 

7 5 5 

. 008 4 

2 2 .7 0 1 

.0033 

295.8 

.00 36 

SOO .00 

6 6 6 

.0087 

3 3 .7 0 4 

,0026 

3 02.1 

.00 37 

8 0 0 .0 0 

593 

.0089 

4 5 .7 86 

.0038 

307 .0 

.00 27 

1 0 00 .0 0 

56 0 

. 0090 

5 3 .7 25 

.0028 

309 .2 

.00 27 

1 5 00 .0 0 

505 

.0092 

7 1 .849 

.0030 

3 13.7 

.00 28 
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE 
RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN 


(b> Continued. Chamber pressure, 300 pounds per square Inch absolute; 
frozen composition during isentroplc expansion 


Pressure 

ratio, 

Po/P 

Temper- 

ature, 

T, 

°K 

Tempera- 
ture ex- 
ponent, 

Hjj» 

Area ratio, 
e 

Area-ratio 

exponent. 

Specific 

impulse, 

I, 

(lb) (sec) 

Specific- 

impulse 

exponent, 

n I 

lb 


H, 

0.80; percent fuel, 47.01; 0/F, 1 

:i27 


1 .05 

2 7 11 

0.0137 

2.177 

0 .0004 

35.8 

0 .00 51 

1 .6 0 

2 5 15 

.0141 

1.010 

.0001 

109.1 

.00 52 

3.0 0 

2 4 16" 

.0143 

1.009 

.0001 

13 1.2 

.00 53 

10.00 

17 9 0 

.0163 

2.300 

.0016 

2 2 2.9 

.00 57 

20.0 0 

1564 

.0172 

3.471 

.0024 

24 6.8 

.0059 


15 57 

.0172 

3.519 

.0024 

24 7,4 

.0059 

40.0 0 

1359 

.0183 

5.599 

.003 3 

265.8 

.00 60 

4 0.83 

135 3 

.0183 

5.680 

.0033 

266.3 

.0 0 60 

8 0.00 

1174 

.0194 

9.146 

. 00 42 

281.3 

.00 62 

10 0.00 

1119 

.0198 

10 .7 28 

.00 4 6 

2 8 5 .6 

.00 63 

2 0 0 .0 0 

9 5 9 

.0210 

17 .66 2 

.0056 

2 9 7.5 

.00 64 

3 0 0 .00 

87 4 

.0217 

2 3 .67 1 

.0062 

3 0 3.5 

.0065 

5 0 0 .0 0 

7 76 

.02 26 

34 .25 3 

.0069 

3 10.1 

.00 67 

RO'O .00 

6 9 3 

.02 33 

4 8 .13 3 

.0076 

3 15.5 

.00 68 

1 0 0 0 .0 0 

6 56 

. 02 36 

56 .57 2 

.0078 

317 .7 

.00 68 

1 500 .0 0 

59 4 

.0242 

75 .868 

.008 3 

321.6 

.00 69 


R, 

0.90; percent fuel, 44.09; 0/F, 

.268 


1.0 5 

28 5 3 

0 .0221 

2 .174 

0 .0007 

35.8 

O .0081 

1 .60 

26 5 1 

.02 27 

1.010 

.000 1 

10 9.2 

.00 82 

2 .00 

2 5 4 9 

. 02 31 

1 .009 

.000 2 

13 1.4 

.00 83 

10.00 

3 9 0 4 

.0262 

2.214 

.0026 

223.6 

.00 90 

20.0 0 

16 69 

.0277 

3.503 

.0038 

24 7 .7 

.00 92 

20.41 

16 6 2 

.0278 

3.553 

.0039 

24 8.4 

.0093 

4 0.00 

14 56 

.02 95 

5.672 

.0053 

267.0 

.00 95 

4 0.83 

14 5 0 

. 0295 

5.755 

.005 3 

267.6 

.00 95 

8 0.00 

12 6 4 

.0313 

9.300 

.0068 

282.8 

.00 98 

1 0 0 .0 0 

12 0 6 

.0320 

10 .923 

.007 4 

287.2 

.00 99 

2 0 0 .00 

10 39 

. 0 3 4 0 

18 .0 57 

.0091 

299.4 

.0 102 

3 0 0 .00 

9 5 0 

.0 3 52 

2 4 .2 5 8 

.0101 

3 0 5.5 

.0104 

5 00 .0 0 

8 46 

. 0 3 67 

3 5 .206 

.0114 

3 12.3 

.0 106 

ROD .0 0 

7 5 8 

. 03 8 0 

4 9 .6 0 0 

.0126 

3 17.8 

.0107 

1 0 0 0 .00 

7 19 

.0 38 6 

5 8 . 36 2 

.0131 

3 2 0 .2 

.0108 

1 5 0 0 .00 

6 5 2 

. 03 96 

7 8 .4 2 ? 

.0140 

3 2 4 .2 

.0110 


R, 

0.95; percent fuel, 42.76; 0/F, 

L .339 


1.0 5 

2 6 8 9 

0 .02 47 

2.173 

0 .0007 

35.7 

0 .00 89 

1 .*0 

2 6 8 6 

.02 55 

1.010 

.0002 

10 8.8 

.00 91 

2.0 0 

2 5 8 3 

.02 59 

1.009 

.000 2 

130.9 

.00 92 

10.00 

19 32 

.02 93 

2.217 

.0029 

232.9 

.0100 

20.0 0 

16 9 6 

.0310 

3.512 

.00 4 3 

2 4 7.0 

.0103 

3 0.41 

16 8 9 

.0311 

3.561 

.00 43 

247.6 

.0103 

4 0.00 

14 8 1 

. 03 30 

5.691 

.0 0 5 9 

2 6 6.3 

■ 0 1 0 6 

4 0.83 

14 75 

. 03 3 0 

5.774 

.0059 

266.8 

.0106 

3 0.00 

12 87 

. 0351 

9.341 

.0076 

282.0 

.0109 

10 0 .00 

12 2 9 

. 03 58 

10 .974 

.0082 

286.4 

.0110 

2 00 .00 

10 6 0 

. 038 0 

18 .16 1 

.0102 

2 9 8 .6 

.0114 

3 0 0 .0 0 

9 7 0 

. 0394 

2 4 .414 

.0114 

3 0 4.8 

.0115 

5 0 0 .0 0 

8 6 4 

.0411 

35 .461 

.0128 

3 11.6 

.0118 

8 0 0 .00 

7 7 5 

. 04 26 

49 .995 

.0141 

3 17.1 

.0 120 

1 0 0 0 .00 

7 35 

. 04 33 

58 .84 6 

.0148 

319.5 

.0121 

1 5 0 0 .00 

6 67 

. 04 45 

7 9 .117 

.0158 

323.5 

.0122 
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE 
RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN 


(b) Continued. Chamber pressure, 300 pounds per Square Inch absolute; 
frozen composition during isentroplc expansion 


Pressure 

ratio, 

Pfl/P 

Temper- 

ature, 

T, 

°K 

Tempera- 
ture ex- 
ponent, 

Tlip 

Area ratio, 
e 

Area- ratio 
exponent, 

n * ; 

Speoific 

impulse. 

Ip 

(lb) (sec} 

Specific- 

impulse 

exponent, 

n I 

lb" 


R 

, 1.00; percent fuel, 41.51; 0/9, 

1.409 


1.0 5 

2 9 04 

0 .0257 

2.172 

0 .0007 

35.5 

0 .0092 

1 .60 

27 00 

.0265 

1.010 

.0001 

10 8.2 

.00 94 

3 .00 

2597 

. 0269 

1.009 

. 0 0 (5 8 

130.1 

.00 95 

10.00 

19 4 5 

. 0305 

2.219 

.00 30 

221.5 

.0103 

20.00 

1 7 07 

. 03 23 

3.516 

.0 0 4 5 

24 5.5 

.0106 

20.4 1 

17 00 

. 03 23 

3.565 

.0 0 4 5 

24 6.1 

,0 106 

4 0.00 

14 9 2 

. 03 43 

5.700 

.0061 

264.7 

.0110 

40 .8 3 

14 86 

.03 43 

5.783 

.0062 

265.2 

.0110 

80.0 0 

12 98 

.036 4 

9.360 

.0 079 

280.4 

.0113 

t 00 .00 

12 39 

.0372 

10 .99 9 

.0086 

284.8 

,0114 

2 00 .0 0 

10 7 0 

. 03 9 5 

18 .211 

.0106 

297.0 

.0 118 

10 0 .00 

979 

.0410 

24 .489 

.0118 

303.1 

.0119 

5 0 0 .00 

8 7 2 

. 04 27 

3 5 .585 

.0134 

3 0 9.9 

.0 122 

8 0 0 .00 

7 8 3 

. 0 4 43 

5 0 .18 8 

.0148 

3 15.4 

.0184 

1 0 00 .0 0 

7 4 3 

. 04 5 1 

5 9 .08 3 

.0154 

3 17.8 

.0 125 

1 5 00 .0 0 

6 7 4 

.04 63 

7 9 .46 0 

.0165 

3 2 1.8 

.0127 


R 

, 1.10; percent fuel, 39,22; 0/fr, 

1.550 


1 .05 

2 8 69 

0 .02 40 

3.172 

0 .0 007 

34 .9 

0 .00 66 

1 .60 

2 6 86 

.02 47 

1.010 

.000 1 

106.3 

.00 88 

3 ,Q0 

2 58 3 

. 02 53 

1 .009 

.0003 

127.9 

.0009 

10 .00 

19 3 4 

. 03 S S 

2.218 

.0028 

2 17.8 

.00 96 

20.00 

16 97 

. 0 JOS 

3.514 

.004 3 

241.3 

.00 99 

2 0.41 

16 9 1 

.03 08 

3 . 56 4 

.0043 

241 .9 

,00 99 

4 0.00 

14 8 3 

. 0381 

5.697 

.0 057 

260.2 

.0103 

4 0.87 

14 77 

.033! 

5 .780 

. 0Q58 

260 .7 

.0103 

80.00 

1290 

. 03 4 1 

9.354 

.0075 

275.6 

.0106 

100 .00 

1 2 32 

. 034S 

10 .99 2 

.0080 

280 .0 

.0107 

2 00 .0 0 

3 0 6 3 

.0370 

18 .199 

.0099 

29 1 .9 

.0110 

300 .00 

9 7 3 

. 03 8 3 

34 .47 2 

.0111 

297 .9 

.0112 

500 .0 0 

867 

. 04 00 

3 5 .559 

.0115 

304.6 

.0114 

8 00 .0 0 

776 

. 041 5 

50 .15 1 

.01 38 

3 10 .0 

.0116 

1 0 0 0 .0 0. 

7 38 

. 04 22 

5 9 .04 0 

. 0 1 4 4 

312.4 

.0117 

1 5 00 .00 

67 0 

. 04 34 

7 9 .40 1 

.0155 

3 16.3 

.0118 


R 

, 1.20; percent fuel, 5 

7 .18; 0/P, 

1.691 


1 .05 1 

28 47 

0.0214 

2.173 

0 .0007 

3 4.2 

0 .0079 

1.6 0 

2 6 46 

. 02 21 

1.010 

.0001 

104.3 

.00 79 

2.0 0 

2 54 5 

.02 25 

1 .009 

. o o o i 

125.5 

.00 80 

in .oo 

19 02 

.02 55 

3.315 

.0 025 

2 13.6 

.0087 

2 0 .0 0 

16 68 

.0870 

3.507 

.0038 

2 36 .6 

.00 89 

20.41 

16 6 2 

.0870 

3.557 

.0038 

2 37.8 

.00 90 

4 0.00 

14 57 

.08 87 

5.682 

,003} 

2 55.1 

.00 92 

4 0.83 

3 4 5 1 

.0287 

5 .765 

.005 2 

255.6 

.0 0 92 

8 0.00 

12 65 

.03 05 

9.322 

,0067 

270.2 

,00 95 

10 0 ,oo 

3 2 08 

.0311 

10 .952 

,0072 

274.4 

.00 96 

2 00 .0 0 

1 0 4 2 

.03 31 

18 .119 

.00 83 

286.1 

.00 99 

3 on .oo 

9 5 3 

. 0 3 4 3 

24 .354 

.009 9 

292.0 

.0 100 

5 00 .0 0 

8 4 9 

. 03 57 

3 5 .368 

.0112 

298.5 

.0 1 02 

8 0 0 .0 0 

76 1 

.037 1 

4 9 .8 59 

.01 3i 

303.8 

.0 104 

1 0 00 .00 

7 22 

.03 77 

58 .683 

.0129 

3 06.0 

.0105 

1 5 00 .00 

6 5 5 

.038 7 

78 .89 4 

.0130 

3 0 9.8 

.0 106 


R 

, 1 .50; percent fuel, 32.12; 0/F, 

2.114 


1.0 5 

27 U 5 

0 . 0 1 6 6 

2.176 

0 .0005 

32.4 

0 .00 62 

1 .60 

2 5 10 

.0171 

1.010 

.0001 

9 8.8 

.0063 

2 .00 

2 4 3 2 

.0174 

1 .009 

.oool 

118.9 

.00 64 

10.00 

17 9 2 

.0197 

2.204 

.oosb 

202.0 

.00 69 

20.0 0 

3 567 

.02 09 

3.481 

.0029 

22 3.7 

.00 7 1 

20.4 1 

15 6 1 

. 02 09 

3.530 

.002? 

22 4.3 

.00 71 

4Q.00 

3 36 4 

.022? 

5.625 

.0040 

241.1 

.00 73 

4 0.83 

135 8 

.022? 

5.706 

.0040. 

?41.5 

.00 73 

8 0.00 

118 1 

. 08 35 

9.203 

. OQ 5 1 

255 . 1 

.00 75 

i on .no 

1 1 26 

.02 40 

10 .802 

.0035 

259.1 

.00 76 

2 00 .00 

9 6 8 

. 0255 

17 .621 

.0068 

270.0 

.00 78 

300 .00 

8 6 4 

.0263 

2 3 .916 

.0076 

275.5 

.00 79 

5 00 .0 0 

7 85 

.0874 

34 .6 66 

.0085 

281.5 

.00 81 

R 0 0 .0 0 

7 0 3 

. 08 84 

4 8 .787 

.009 3 

2 8 6.4 

.0082 

1 0 0 0 .oo 

666 

.0288 

57 .379 

.0097 

288.5 

.0083 

1500.00 

6 0 4 

.02 96 

7 7 .038 

.0103 

292.0 

.00 84 
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE 

RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN 

(b) Concluded. Chamber pressure, 300 pounds per square inch absolute; 
frozen composition during isentrople expansion 


Pressure 

ratio, 

Fc/P 

Temper- 

ature, 

T, 

°K 

Tempera- 
ture ex- 
ponent, 

nip 

Area ratio, 

c 

Area-ratio 

exponent. 

Specific 

impulse, 

(lb^fsec) 

Specific- 
impulse 
exponent , 
n I 


R» 

2.00; percent fuel, 26.19; 0/P , 2 

.618 


1.0 5 

24 9 3 

0 .0116 

2.101 

0 .0004 

30 .1 

0 .00 46 

1 .60 

2 3 0 9 

.0120 

1.010 

.0001 

91 .7 

.00 46 

3 .00 

22 16 

.0122 

1 .000 

.0001 

110.2 

.00 47 

10.00 

16 3 0 

.0138 

2.186 

.0013 

187.0 

.00 50 

20 .00 

14 19 

.0146 

3.440 

.0020 

3 0 6.9 

.0051 

20.41 

14 13 

.0146 

3.487 

.0020 

207 .4 

.00 52 

^0 .00 

12 29 

.0155 

5.535 

. 0 027 

222 .7 

.00 53 

4 0.83 

1 2 2 A 

.0155 

5.615 

.0027 

223 .1 

.0053 

80.0 0 

10 59 

• 01 6 4 

9.020 

.0035 

2 35 .5 

.00 54 

1 00 .0 0 

10 08 

.0167 

10 .57 2 

.0 0 38 

2 3 9.1 

.00 55 

2 00 .0 0 

8 6 2 

.0177 

17 .37 1 

.0046 

24 9.0 

.00 56 

300 .00 

785 

.0182 

2 3 . 257 

.005 0 

253 .9 

.00 57 

5 00 .0 0 

6 9 5 

.0189 

3 3 .615 

.0056 

2 5 9.3 

.00 58 

8 0 0 .0 0 

6 20 

.0195 

4 7 .19 1 

.006 1 

263 .7 

.00 59 

1 0 0 0 .0 0 

5 87 

.0197 

5 5 .4 38 

.0063 

2 65 .6 

.00 59 

1 5 OQ .00 

5 31 

.02 02 

74 .282 

.0067 

268 .8 

.00 60 


R, 

3.00; percent fuel, 19.13; 0/F, 4 

.227 


1.0 5 

2 14 3 

0 .0053 

2.189 

0 .0001 

3 6.8 

0 .00 2 1 

1 .60 

1976 

.00 54 

1.011 

.0000 

8 1.5 

.00 22 

3 .00 

18 9 2 

.00 55 

1 .007 

.0000 

97 .9 

.0022 

10.00 

13 68 

. 00 6 2 

2.154 

.0006 

165.5 

.00 24 

20 .00 

118 0 

. 0065 

3.367 

.0008 

162 .8 

.00 24 

20 .4 1 

1 1 7b 

.00 65 

3.413 

.0008 

18 3.2 

.00 24 

AO ,00 

10 14 

.00 69 

5.381 

.0011 

19 6.4 

.00 25 

40 .8 3 

1009 

.0069 

5.457 

. 0 0 1 1 

19 6.8 

.0035 

8 0.00 

866 

.0073 

8.707 

.0014 

207.4 

.00 26 

100.0 0 

0 22 

.0074 

10 .18 3 

.0015 

210 .5 

.00 86 

aoo .oo 

698 

.0077 

16 .615 

.0018 

218 .9 

.00 36 

300 .00 

6 32 

.0079 

2 2 .157 

.0020 

223.0 

.00 27 

SOO .00 

557 

.0082 

31 .869 

.0022 

237.6 

.00 27 

800 .00 

4 94 

.0084 

4 4 . 54 7 

.0024 

2 31 .3 

.00 27 

1 0 0 0 .0 0 

4 67 

.0085 

5 3 .22 7 

.0025 

232 .9 

.00 27 

15 0 0 .0 0 

4 20 

.0086 

69 .7 3 2 

.0 026 

235.5 

.0028 


R 

4.00; percent fuel, 15.07; 0/F , 

.636 


1.0 5 

18 57 

0 .0020 

2.198 

0 .0001 

2 4.3 

0 .0 0 09 

1 .60 

17 06 

.00 20 

1.012 

.0000 

74 . 0 

.00 09 

2.0 0 

3 6 30 

. 00 21 

1.007 

.0000 

88 .9 

.00 09 

10.0 0 

1160 

.0 0 23 

2.126 

.0008 

14 9.7 

.00 09 

20.0 0 

9 9 4 

. 00 24 

3.304 

.0003 

165.1 

.0009 

20.41 

9 89 

.00 24 

. 3.349 

.000 3 

165.5 

.00 09 

4 0.00 

8 4 0 

. 00 26 

5.250 

.0004 

177.2 

.00 1 0 

4 0.83 

8 4 4 

. 00 26 

5.324 

.0004 

177 .5 

.00 10 

8 0.00 

7 19 

.00 27 

8.445 

.0005 

18 6.9 

.00 10 

i 00 .0 0 

6 8 1 

. 00 27 

9 .857 

.0005 

18 9.6 

.00 10 

2 0 0 .0 0 

57 4 

.00 28 

15 .90 8 

.0006 

196.9 

.00 10 

3 00 .00 

5 18 

.00 29 

2 1 .24 7 

.0007 

200 .5 

.00 10 

5 00 .0 0 

4 5 4 

.00 30 

30 . 43 3 

.0007 

204.5 

.00 10 

8 0 0 .0 0 

4 0 1 

. 00 30 

4 2 .38 3 

.000 8 

207 .7 

.0010 

1 0 0 0 .0 0 

378 

.00 30 

4 9 .612 

.0008 

209 .0 

.00 10 

1 5 0 0 .0 0 

3 39 

.00 31 

66 .07 4 

.0008 

211.3 

.00 1 1 


R 

5.00; percent fuel, 12.43; 0/F, 

r.046 


1.0 5 

16 2 4 

0 .00 06 

2.205 

0 .0 QO 0 

22.4 

0 .0003 

1 .60 

14 87 

.0007 

1.013 

.0000 

68.1 

.00 03 

2 .00 

3 4 18 

.00 07 

1 .006 

.000 0 

81 .7 

.00 03 

10.00 

9 9 5 

. 0007 

2.103 

.000 1 

137.2 

.00 0 3 

2 0.00 

8 4 8 

.00 08 

3.352 

.0001 

151.2 

.0003 

20.4 1 

8 4 4 

. 00 08 

3.395 

.000 1 

151.6 

.00 03 

4 0.00 

7 19 

.0008 

5.140 

.000 1 

162.1 

' .0003 

A 0 . 8 3 

7 15 

. 0008 

5.211 

.0001 

162.4 

.00 03 

0 0.00 

6 06 

.0009 

8.225 

.000 1 

170 .8 

.00 03 

1 00 .00 

57 3 

.00 09 

9.584 

.0002 

17 3.2 

.00 03 

2 0 0 .0 0 

4 79 

.0009 

15 .466 

.0002 

179 .7 

.00 03 

3 o n .oo 

4 3 1 

.00 09 

2 0 .494 

.0002 

182 .9 

.0003 

5 0 0 .0 0 

376 

.00 09 

2 9 .25 8 

.0002 

18 6.4 

.0003 

8 0 0 .00 

3 32 

. 00 09 

40 .64 7 

.0002 

189.2 

.000 3 

1 0 0 0 .0 0 

312 

.0009 

47 .53 3 

.0002 

19 0.4 

.00 03 

1 5 0 0. .00 

2 8 0 

.00 09 

6 3 .20 6 

.0 002 

19 2.4 

.00 03 
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TABLE III. - Continued. THERM3DINAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS FOR 

LIQUID AMMONIA AND LIQUID OXYGEN 

(c) Chamber pressure, 600 pounds per square Inch absolute; equilibrium composition 

during isentropic expansion 


Pressure 

ratio, 

Po/P 

Temper- 

ature, 

T, 

OK 

Tempera- 
ture ex- 
ponent. 

Area ratio, 

• 

Area-ratio 

exponent, 

Specific 

impulse, 

(lb^fsec) 

Specifio- 
Impulse 
exponent , 
n I 

Specific 

heat, 

(ah/ir)p, 

<ol)/Cs)(°K> 

(HH} t 



1 


R, 0.40; percent fuel, 63.95, 

O/f, 0.561 




1 .00 

134 0 

0 .000 0 





0 . 6540 

0 .00000 

0 .0000 

1.0 5 

13 3 4 

. 0000 

2.226 

0 .0000 

2 9.1 

0 .00 00 

. 6 52 4 

.00000 

.0000 

1 .60 

12 10 

. 00 0 0 

1.025 

.0000 

88.3 

.0000 

.6381 

.000 0 0 

.0000 

1 .04 

117 1 

. 0000 

1 .000 

.0 0 00’ 

9 9.7 

.0000 

. 6 336 

.00000 

.0000 

3.0 0 

114 8 

.000 0 

1.004 

.0 000 

105.9 

.00 00 

. 6 307 

.00000 

.00 00 

10.00 

7 7 2 

.0000 

8.030 

.0000 

176.3 

.00 00 

.5855 

.00000 

.0000 

30 .00 

64 6 

.00 00 

3.093 

.00 00 

19 3.5 

.00 00 

. 5730 

.00000 

.0000 

20.4 1 

64 3 

. 0000 

3.133 

.0000 

19 3.9 

.00 00 

.5717 

.00000 

.0000 

4 0.00 

5 30 

.000 0 

4 .823 

.0000 

206.8 

.00 00 

.5618 

.00000 

.0000 

40.8 3 

535 

.000 0 

4 .888 

.0000 

207.1 

.0000 

. 5616 

.00000 

.0000 

80 .00 

4 4 7 

.0000 

7 .629 

.0 000 

217.2 

.00 00 

. 554 7 

.00000 

.0000 

100 .00 

4 21 

.000 0 

8.863 

.0000 

230.1 

.0000 

. 55 30 

.00000 

.00 00 

2 00 .0 0 

34 9 

. 0000 

14 .191 

.000 0 

227 . 8 

•- 0 0 o o 

.5478 

.00000 

.000 0 

300 .00 

3 12 

. 0000 

18 .7 4 4 

.0000 

231.6 

.0000 

.5454 

.ooooo 

.0000 

5 00 .0 0 

271 

. 0000 

26 .680 

,000 0 

235 .7 

.00 00 

.5427 

.00000 

.000 0 

8 00 .0 0 

3 38 

.0000 

36 .978 

.00 00 

239.0 

.00 00 

.5377 

.00000 

.0000 

1 0 00 .0 0 

3 24 

. 000 0 

4 3 .187 

.0 000 

240 .4 

.00 00 

. 534 4 


.0000 

1 5 0 0 .00 

3 00 

. 0000 

5 7 .266 

.000 0 

242 .7 

.0000 

. 5294 

■fTTTFl 

.0000 







.00 00 

.0000 

mini 

.0000 




R, 0.50 

; percent fuel, 58.67; 0 /B, 0.705 




1 .00 

178 4 

0 .0001 





0 . 660 2 

o .ooooi 

- .0003 

1.0 5 

1766 

. 0001 

2.306 

0 .0 000 

32 . 1 

0 ,0000 

.6585 

.00001 

- .000 3 

1 .60 

16 17 

. 0000 

1.013 

.0000 

97 . 5 

.00 00 

.6448 

.000 0 0 

- .000 1 

1 .82 

1574 

. 0000 

1 .000 

.0000 

109.2 

.00 00 

. 6407 

.00000 

- .0001 

a .oo 

154 2 

.00 00 

1 .006 

.0 000 

117.1 

.00 0 0 

.6375 

.00000 

.0000 

10 .00 

1 07S 

.0000 

2.090 

.000 0 

19 6.4 

• oooo 

. 5847 

.00000 

.0000 

20 .00 

9 11 

. 000 0 

3.810 

.000 0 

216 . 3 

.00 00 

. 5646 

.00000 

.0000 

20 .41 

9 06 

. 0000 

3.261 

.000 0 

2 16.8 

.00 00 

. 564 1 

.00000 

.0000 

40.0 0 

7 68 

. 0000 

5 .065 

- .0000 

231 .7 

.00 00 

. 5474 

.ooooo 

.0000 

4 0.83 

764 

.000 0 

5.134 

.000 0 

233 . 1 

.00 00 

. 5469 

.00000 

.0000 

80 .00 

644 

.00 00 

8 .071 

.0000 

243 .9 

.00 00 

. 5337 

.00000 

.oooo 

1 00 .0 0 

606 

. 0000 

9.396 

.0000 

347 . 3 

.0000 

. 5301 

.00000 

.0000 

200 .00 

508 

. 0000 

15 .126 

.0000 

256.4 

.oooo 

. 5202 

.00000 

.0000 

30 0 .0 0 

4 56 

. 0000 

2 0 .0 3 3 

.0 00 0 

360.9 

.0000 

.5162 

.00000 

.0000 

500 .0 0 

3 98 

.0000 

28 .602 

.000 0 

365.9 

.00 00 

.5 121 

.00000 

.0000 

8 0 0 .0 0 

351 

.0000 

39 .757 

.000 0 

269 .8 

.oooo 

.6037 

.ooooo 

.0000 

1 OOO .00 

3 30 

.000 0 

46 .508 

,0000 

271.4 

.0000 

. 5072 

.ooooo 

.0000 

1 5 00 .0 0 

2 96 

.0000 

6 1 .80 4 

.0 000 

374 .2 

.00 00 

. 5 054 

.00000 

.00 00 




R, 0.60; percent fuel, 54.19; 

0/P, 0.8*5 




1,0 0 

2 171 

0 .0009 





0.6700 

0 .000 18 

- .00 47 

1 .05 

2 131 

.00 08 

2.191 

0 .000 3 

34 .1 

0 .0003 

. 66 75 

.00 016 

- .0043 

1 .60 

19 8 3 

. 00 03 

1.012 

.0000 

10 3.6 

.0002 

.6.86 

.00006 

- .0018 

1 ,«0 

19 38 

.00 02 

1 .000 

.0000 

115.2 

.00 02 

.6 4 4 0 

.00005 

- .0014 

2.0 0 

18 90 

. 00 02 

1.007 

- .000 0 

124.5 

.0002 

. 6 39 9 

.00004 

- .0011 

10.00 

136 1 

- .0001 

2.140 

- .0001 

2 10.1 

.00 0 1 

. 58 70 

.ooooo 

.00 00 

20 .00 

116 9 

- . 0001 

3.330 

- .000 1 

231 .9 

.00 00 

.565 0 

.00000 

.oooo 

20 .41 

1164 

-.0001 

3.375 

- .0001 

2 33 .5 

.0000 

. 564 3 

-OOOOO 

.0000 

4 0.00 

9 98 

- .0001 

5.295 

- .000 1 

24 9.1 

.00 00 

. 5 439 

.ooooo 

.000 0 

40 .83 

9 9 3 

- .0001 

5.369 

- .000 1 

24 9.5 

.00 00 

.5433 

.00000 

.oooo 

0 0.00 

0 47 

-.0001 

8.518 

- .0001 

262.8 

.oooo 

. 525 2 

.00000 

.0000 

100 .00 

8 03 

- . 000 1 

9.943 

- .0001 

266.6 

.00 00 

.5197 

.00000 

.0000 

200 .00 

676 

- .0001 

16 .131 

- .000 1 

277.0 

• oooo 

. 505 0 

.00000 

.00 00 

3 0 0 .0 0 

6 11 

- . 0001 

21 .448 

- .0001 

282.1 

.oooo 

.4979 

.ooooo 

. oooo 

500 .00 

536 

- . 0001 

30 .749 

- .0001 

287.8 

.00 00 

. 4902 

.00000 

.00 00 

A 00 .0 0 

4 74 

- .0001 

4 3 .879 

- .000 1 

292.3 

.oooo 

.484 5 

.00000 

.00 00 

10 0 0 .00 

4 4 7 

- .0001 

50 .328 

- .0001 

294 .2 

.00 0 0 

, 4834 

.ooooo 

.0000 

1 6 00 .00 

4 02 

- . 0001 

66 .991 

- .0001 

297.4 

.00 00 

. 478 9 

.ooooo 

.0000 







.0000 

.oooo 

•0000° 

-oooo 




R, 0.70 

percent fuel, 50.34; 

0/Fj_ 6.988 

■ ■ 1 

1.0 0 

2 5 0 3 

0 .00 47 





0 .7252 

0 .00119 

- .0287 

1.0 5 

24 8 3 

.0044 

3 .175 

0 .0013 

35.3 

0 .0017 

.7195 

.00 1 t 0 

- .0 2 68 

1 .60 

2 30 9 

.00 22 

1 .010 

.0 002 

107.6 

.00 1 3 

. 6770 

.00054 

- . d 1 4 a 

1 .78 

2265 

.0010 

1 .000 

.0000 

118.9 

.00 1 2 

. 66 80 

.00045 

- .0138 

3 .00 

22 19 

.0014 

1 .009 

- .0003 

129.4 

• Oo 1 1 

. 6593 

.00036 

- .00 97 

10.00 

16 33 

- .0004 

2.184 

- .0010 

2 19.7 

.00 04 

. 5879 

.00001 

- .0002 

20.0 0 

14 18 

- . 0005 

3.428 

- .0010 

243.0 

.00 0 3 

. 5661 

.00000 

.0000 

20 .41 

14 12 

- .0 005 

3.476 

- .0010 

343.6 

.0003 

.565 5 

.00000 

.0000 

4 0.00 

12 24 

-.0005 

5 . 5.0 2 

- .0009 

261 .6 

.00 02 

.5447 

.ooooo 

.0000 

40.8 3 

12 19 

- . 0005 

5.580 

- .0 0 09 

263.0 

.00 08 

. 5441 

.00000 

.0000 

8 0.00 

10 5 1 

- .0005 

8 .936 

- .0 009 

276.5 

.0 nos 

. 5236 

.00000 

.0000 

10 0 .0 0 

999 

- .00 05 

10 .46 3 

- .0009 

2 8 0 .7 

.0008 

.5171 

.ooooo 

.00 00 

2 0 0 .0 0 

8 51 

- .00 06 

17 .127 

- .0009 

292 ,1 

.0001 

. 4986 


.0000 

3 00 .0 0 

773 

- .00 06 

3 2 .8 8 1 

- .0009 

297 .8 

.00 0 t 

.408 6 


.oooo 

500 .00 

6 8 3 

- .0006 

32 .*8-3 

- .0 0 09 

304.1 

.00 01 

. 4781 

<k* >■ 

.oooo 

8 00 .00 

608 

- .00 06 

46 .201 

- .0008 

3 09.2 

.00 0 1 

.4698 

lit 21 

.00 00 

1 000 .0 0 

576 

- .00 06 

54 .32 4 

- .000 8 

311.4 

.0001 

. 4662 

.ooooo 

.0000 

1 5 00 .0 0 

5 18 

- . 00 06 

7 2 .64 6 

- .0006 

3 15.0 

.00 OI 

. 4604 

.00 0 00 

• 00 00. 







.oooo 

. 0 000 


.oooo 
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TABES III. - Continued. THERMODYNAMIC IERI7ATI7ES AT ASSIGNED HISS BURE RATIOS FOR 

LIQUID AMMONIA AND LIQUID OXYGEN 

(c) Continued. Chamber pressure, 600 pounds per square inch absolute; equilibrium 

composition during isentropic expansion 


Pressure 

Tenper- 

Tempera- 

Area ratio. 

Area-ratio 

Specific 

Specific- 

Specific 


(i m J\ 


ratio. 

ature. 

ture ex- 

< 

exponent , 

impulse. 

inpulae 

heat. 


\a in 

in t/p 

Pc/F 

T, 

ponent. 


n * 


exponent, 

c p. 





°JC 

nr 



(lbTtsec) 

n I 

(aiyaT)p, 










(eal)/(g)(°I) 







a, o.ao 

; percent fuel, 47.01; 

a/?, 1.127 





1.0 0 

276 0 

0 .0125 





0.8755 

0 

.00 4 39 

- .0 9 87 

1.0 5 

27 4 1 

.0120 

2.156 

0 .0 027 

35 .9 

O .00 46 

.865 3 


.00 4 17 

- .09*3 

1 .60 

2 5 8 0 

. 008 0 

1 .008 

.0 005 

109.0 

.00 3R 

.7831 


.003 54 

- .0609 

1 .76 

2 54 2 


1 .000 

.000 0 

120.3 

.00 37 

.765 9 


.002 2 3 

- .05 43 

2 .00 

24 9 3 


1.011 

- .0 006 

132.2 

.00 35 

.7451 


.00 1 8 8 

- .0465 

10.00 

18 9 1 

-.0011 

2.233 

- .00 44 

22 6 . 1 

.0015 

. 5 9-3 2 


.000 09 

- .0027 

20 .00 

16 58 

-.0016 

3.531 

- .00 44 

2 50.7 

.0011 

.567 3 


.00 0 0 1 

- .00 05 

20.41 

16 5 2 

-.0016 

3.581 

- .00 4 4 

251.4 

.0011 

.5666 


.OOO 0 1 

- .00 04 

40.0 0 

14 47 

- .00 18 

5.712 

- .0043 

27 0 . 4 

.0008 

. 5458 


prrnn 

- .0001 

4 O .fl 3 

14 4 1 

- .0018 

5 .795 

- .0 0 43 

2 7 0.9 

.00 08 

.5452 


Rrrrrfl 

- .0001 

80 .00 

125 5 

-.0018 

9.356 

- .00 42 

286.5 

.00 06 

. 5249 

1 


.00 00 

10 0 .0 0 

1197 

-.0019 

10 .986 

- .0041 

291.0 

.00 06 

.5182 


.000 00 

. 00 OO 

2 00 .0 0 

10 3 1 

-.0019 

18 .14 4 

- .00 41 

303 .4 

.00 05 

. 49 77 



■Vi * t 7M 

3 0 0 .0 0 

9 4 2 

- . 00 20 

24 .36 4 

- .0041 

309 .6 

.0004 

. 4865 



» » ifl 

50 0 .0 0 

B 38 

-.0020 

35 .34 0 

- .0041 

3 16.5 

.0004 

. 473 3 


WiMfl 


fl 0 0 .0 0 

75 1 

-.0021 

4 9 .7 6 5 

- .0041 

322.1 

.0003 

. 462 4 


.00 0 00 

BL : : il 

10 0 0 .0 0 

7 12 

- . 0021 

58 .54 5 

- .0041 

324.5 

.0003 

. 4 576 


.00 0 00 

.00 00 

3 5 00 .0 0 

6 45 

-.0022 

7 8 .64 2 

- .004 1 

3 28.5 

.0003 

. 4499 


.ooooo 

.00 00 







.00 00 

. 00 00 


.00000 

.0000 


1 .00 

2 9 2 2 

0 .0210 





1 .1223 

0 

.010 4 1 

- .2241 

1.0 5 

29 05 

. 02 06 

2.138 

0 .0026 

36 .1 

0 .00 76 

1 .1114 


.010 10 

- .2185 

.1.60 

27 65 

.0168 

1 .007 

.0005 

110.4 

.00 69 

1 .0 129 


.00747 

- .1700 

1 .74 

27 36 

.0160 

1 .000 

.000 0 

119.8 

.0060 

.9919 


.0 0 6 96 

- . 1 b 0 1 

2.0 0 

2690 

.0147 

1.013 

- .0008 

1 3 .3 .1 

.00 65 

.9586 


.006 19 

- .14 49 

10.00 

2135 

- . 0001 

2.304 

- .0095 

229 .6 

.00 38 

.6391 


.00069 

- .0202 

20 .0 0 

18 9 6 

-.0030 

3.674 

- .0 109 

2 55 .4 

.00 29 

.5800 


.00 0 15 

- .00 50 

20 .41 

18 89 

-.0031 

3.7 26 

- .0 109 

256 .1 

.00 2 fl 

. 5788 


.00 0 15 

- .00 40 

40 .00 

1670 

-. 00 40 

5.982 

- .0111 

276.2 

.0022 

.549 0 


.00 0 02 

- .0009 

40 .83 

1663 

-.0040 

6.071 

- .0111 

276 .7 

.00 22 

. 548 3 


.000 02 

- .0006 

80.0 0 

14 62 

- .0043 

9 .869 

- .0 109 

29 7.2 

.00 17 

.5270 


.00000 

- .000 1 

10 0 .0 0 

1399 

-.0044 

11 .616 

- .0109 

298.1 

.00 16 

. 5203 


.ooooo 

- .0001 

200 .0 0 

1 2 17 

- .0 046 

19 .337 

- .0107 

3 11.4 

.00 13 

. 5001 


.0000 0 

.0000 

3 00 .0 0 

1118 

- .0 0 47 

2 6 .094 

- .0107 

3 18.1 

.00 1 1 

. 48 82 


.00000 

.0000 

b 00 .0 0 

10 0 3 

- .0 0 49 

38 .086 

- .0107 

325 .6 

.00 09 

. 4737 


.ooooo 

.0000 

R on .oo 

9 04 

- .00 50 

53 .938 

- .0107 

331 .7 

.00 OB 

.4611 


.00000 

.0000 

1 000 .00 

8 6 0 

- .00 51 

63 .621 

- .0107 

3 34.4 

.00 08 

. 4555 


.00 00 0 

.0000 

1 5 00 .0 0 

7 8 4 

- .00 52 

85 .8 55 

- .0107 

3 38.8 

.000 7 

. 4458 


.00000 

.0000 







.OO 00 

. 0 ooo 


.00000 

.0000 

I H, 0.9! 

; percent f 

li*l, 42.76 



1.0 0 

296 3 

0 .02 38 





1 .2 294 

0 

.0 13 39 

- .28 43 

1 .05 

29 48 

.02 35 

2.133 

0 .0021 


0 .0085 

1 . 2 208 


.01309 

- .279 3 

1 .60 

2 fl 1 5 

. 0204 

1 .00 6 

.0004 

BtM 

.00 80 

1 .1406 


.01053 

- .2356 

1 .74 

279 0 

.0 198 

1 .000 

.0 000 

Boil 

.00 79 

1 .1240 


.01004 

- .2269 

2 .00 

2746 

.0187 

1.014 

- .0006 

EBBfl 

.00 77 

1 . 0946 


.00 9 23 

- .2119 

10.00 

22 4 1 

. 00 34 

2 .348 

- .0 099 

230 .0 

.00 53 

.724 8 


.00 1 8 S 

- .05 31 

20.0 0 

20 12 

-.0024 

3.772 

- .0135 

266 .4 

.00 42 

.6138 


.000 53 

- .0167 

20 .41 

20 05 

- .00 25 

3 .026 

- .0135 

257.1 

.00 4 1 

. 6115 


.000 5 1 

- .0161 

40 .00 

17 8 4 

-.0051 

6 .170 

- .0148 

277 . 8 

.00 32 

.55 78 


.00010 

- .0036 

40.0 3 

1778 

- .00 52 

6.262 

- .0148 

276.3 

.00 32 

. 5567 


.000 10 

- .0034 

8 0.00 

157 0 

- .0060 

10 .212 

- .0149 

295.4 

.00 25 

.5297 


.00 00 1 

- .0005 

100 .0 0 

15 05 

- . 0061 

12 .0 31 

- .0148 

3 0 0.4 

.00 23 

. 522 5 


.00001 

- .0003 

200 .00 

13 15 

- .00 64 

2 0 .099 

- .0147 

314 . 2 . 

.0019 

.5019 


.00 0 0 Q 

.00 00 

3 00 .0 0 

12 12 

- .0066 

27 .18 2 

- .0146 

3 21.2 


. 490 3 


.000 0 0 

.0000 

5 00 .0 0 

10 9 1 

- .00 68 

3 9 .79 2 

- .0146 

3 2 9 .0 

yBfiV'aV 

.475 5 


.ooooo 

.0000 

fl 00 .0 0 

9 07 

- .0070 

56 .511 

- .0146 

3 35.4 


. 4624 


.00000 

.0000 

10 00 .0 0 

9 4 0 

^RiiShI 

66 .7 4 6 

- .0146 

3 38.2 


. 4564 


.000 0 0 

.0 0 00 

1 5 00 .0 0 

8 59 


9 0 ,29 0 

- .0146 

342 .fl 


. 4 460 


.00000 

.0 0 00 

R, 0.975$ percent fuel, 42.13; 0/P, 1.374 1 

lTuO 

imi 

« *F 





1.25 70 

0 

.01433 

- .3027 

1.0 5 

Boa 

liB • rW ■ 

2.131 

0 .0 019 

35 . fl 

0 .0088 

1 .2494 


.01404 

- .2981 

1 .60 

28 29 

tV * "F - 

1 .006 

.0003 

109 .fi 

.0083 

1 .1792 


.01159 

- .2578 

1 .74 

28 0 4 


1 .000 

.000 0 

113.7 


1 .1647 


.01113 

- . 2 4 9 « 

2.0 0 

276 1 

9 i X s 

1.014 

- .0006 

132.5 


1 .1390 


.01035 

- .2361 

10.00 

22 8 0 

.0065 

2.367 

- .0087 

229 .B 


. 8 037 


.00 303 

- .0043 

20.0 0 

20 6 4 

- . 0003 

3.8 25 

- .0131 

2 56 .4 

Hilo 

. 662 6 


.00 110 

- .0 3 38 

20.4 1 

20 58 


3.881 

- .0132 

2 57.1 

.00 4 8 

.659 1 


.00106 

- .0327 

4 0.00 

18 4 3 

iiSliiiMii 

6.285 

- .0160 

278.1 

.00 38 

. 57 37 


.0 0 0 24 

- .0084 

4 0 .83 

18 36 


6 . 37 9 

- .0 160 

278.7 

.00 38 

. 57iy 


.00 0 2 3 

- .00 80 

8 0.00 

16 27 

- . 0068 

10 .4 25 

- .0167 

296.0 

.00 30 

. 533 4 


.00004 

- .0014 

100 .0 0 

15 61 


12 .29 0 

- .0166 

301.1 

.00 28 

.525 1 


.0 0 0 02 

- .0007 

200 .00 

1 367 

i t rT 

2 0 .56 4 

- .0165 

3 15.2 

.0023 

. 5032 


.00000 

- .000 1 

300 .00 

12 62 

!*»■, « rT. 

2 7 .8 39 

- .0 164 

3 22.3 

.00 20 

.4916 


.OOOOO 

.0 0 00 

5 00 .0 0 

1 1 3B 

i ri: 

4 0 .8 11 

- .0164 

330.3 

.on 17 

.4768 


.000 00 

.0000 

R OO .0 0 

10 31 

-.0081 

58 .039 

- .0164 

7 36.9 

.00 1 5 

. 46 36 


.ooooo 

.0000 

loon .oo 

9 8 3 

- . 008 2 

68 .59 6 

- .016^ 

3 3 9.7 

.0014 

. 4 575 


.00000 

.0000 

1 5 00 .0 0 

9 0 0 

-.0084 

9 2 .9 07 

- .0164 

344.5 

.0012 

,44o8 


.00 00 0 

.00 00 
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TABI^ III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS FOR 

LIQUID AMMONIA AND LIQUID "OXYGEN 

(c) Continued. Chamber pressure, 600 pounds per^square inch absolute; equilibrium 

composition during isentropic expansion 


Pressure . 
ratio, 
Po/F 

Temper- 

ature, 

T, 

OK 

Tempera- 
ture ex- 
ponent, 

Area ratio, 
c 

Area-ratio 

exponent. 

Specific 

impulse, 

(lb) (sec) 

Specific- 

impulse 

exponent, 

: *1 

Specif io 
he&t, 

(avSfjp, 

(=«i)/(s)(°k) 

(* mat) 


yd In P/y 

VTCE *? % 

lb 

| R, 1.00; percent fuel, 41.51; 0/P, 1.409 

i .0 0 

298 0 

0 .02 40 






1 .2619 

0 .0147? 

- .3102 

1.0 5 

2 9 6 5 

. 02 46 

2 .13 1 

0 

.0018 

3 5.7 

0 .00 89 

1 .2547 

.01444 

- .30 67 

1 .*0 

2 0 36 

. 0 2 1 H 

1.006 


.000 3 

109.5 

.0084 

1 .18 85 

.0120? 

- .26 67 

1.7 4 

2 0 3 1 

.0213 

1.000 


.0000 

118.3 

.0062 

1.1750 

.01159 

- .2 5 91 

a .0 o 

2 7 6 8 

.02 03 

1.014 

- 

.0 005 

132.0 

.00 81 

1.1510 

.01082 

- .2 4 68 

10.00 

2 2 97 

. 0083 

2.375 

_ 

.0 077 

22 9.2 

.0061 

. 85 30 

.00384 

- .10 54 

a o . o o 

2 0 9 4 

. 0 0 2B 

3.857 

- 

.0112 

2 55.8 

.00 52 

.7326 

.00197 

- .05 94 

20 .41 

2 0 8 8 

.00 26 

3.914 

- 

.0113 

2 56.5 

.00 52 

.7294 

.00193 

- .0582 

4 0.00 

1 B 88 

- .00 22 

6.387 

- 

.0144 

277 .7 

.00 44 

. 6 340 

.00082 

- .087ft 

4 0 . R 3 

10 0 2 

- . 0024 

6 . 4 8 4 

- 

.0145 

270.3 

.00 4 3 

.6315 

.00080 

- .02 68 

0 0.00 

16 8 4 

- .00 58 

10 .67 0 

- 

. 01 66 

295 .9 

.00 36 

.5650 

.00037 

- .0100 

too .0 0 

16 19 

- .0066 

12 .600 


.0171 

301,1 

.00 33 

.5490 

.000 1 8 

- .00 68 

2 0 0 .0 0 

14 2 5 

-.0081 

2 1 .16 2 

- 

.0178 

3 15 .5 

.00 27 

. 611 y 

.00004 

- .0017 

300 .00 

1 3 1 B 

- ,0086 

28 .690 

- 

.0179 

3 22 .9 

.00 24 

.496 3 

.00001 

- .0006 

500 .00 

3 19 1 

- . 00 90 

42 .126 

- 

.0160 

3 31.1 

.00 20 

. 4798 

.00000 

- .0002 

HOC .00 

10 8 2 

- .0093 

59 .993 

- 

.0100 

33? .9 

.0018 

.465 8 

.00000 

.0000 

10 0 0 .00 

3 0 32 

- . 0094 

70 .953 

.. 

.0180 

340.8 

.0017 

.4595 

.00000 

.0000 

1 5 00 .0 0 

9 47 

- . 0096 

96 .319 

- 

.0181 

34 5.7 

.0015 

. 4485 

.00000 

.0000 




R, 1.10; 

percent 

fuel, 33.22; <J/P , 1.550 



1 .00 

396 2 

0.0231 






1 .14 0 1 

0 .01272 

- .26 92 

1.0 5 

29 4 6 

. 02 27 

2.133 

0 

.002 1 

35 .1 

0 .0082 

1 .1398 

.01243 

- .26 4 3 

1 .60 

2B 1 2 

.0196 

1 .006 


.0004 

107.6 

.0077 

1 .0 656 

.00991 

- .2215 

1 .74 

27 86 

.0190 

1 .000 


.0000 

116.4 

..00 76 

1 . 0505 

.00945 

- .2132 

2 .00 

274 2 

.0179 

1.014 

- 

.0 006 

129.7 

.00 74 

1 .0246 

.00668 

- .1992 

10.00 

22 4 5 

.00 51 

2.355 

_ 

.006 1 

224.7 

*00 52 

.7419 

.002 36 

- .06 76 

20 .00 

20 31 

. 0005 

3.806 

- 

.0109 

250.6 

.00 4 3 

.6513 

.00110 

- .0352 

20 .41 

20 2 4 

.0004 

3.061 

- 

.0110 

2 51.3 

.00 4 3 

. 6490 

.00107 

- .0345 

4 0.00 

18 19 

- . 0029 

6.274 

- 

.01 29 

271 .7 

.00 35 

. 5836 

.00044 

- .0161 

4 0.83 

10 13 

-.0030 

6.369 

- 

.0130 

272.3 

.00 35 

.582 0 

.00043 

- .015? 

8 0.00 

3 615 

- i 00 51 

10 .4 51 

- 

.0142 

209.3 

.00 3 0 

. 5356 

.00015 

- .0062 

too ,00 

3 5 5 1 

- .00 56 

12 .333 

- 

.0 144 

294.3 

.00 26 

.5234 

.00 0 1 0 

- .00 44 

3 0 0 .0 0 

3 3 6 2 

-.0066 

3 0 .676 

- 

.0148 

3 08.1 

.00 21 

. 492 3 

.00003 

- .001 3 

3 0 0 .0 0 

12 58 

- . 0070 

38 .004 

- 

.0149 

315.2 

.0019 

. 4779 

.000 0 1 

- .0005 

5 0 0 .0 0 

113 4 

- .0 073 

4 1 .063 

- 

.0150 

3 23.1 

.00 16 

.4610 

.00000 

- .00 02 

8 00 .00 

10 28 

- . 0076 

58 .399 

- 

.0150 

3 2 9.5 

.0014 

. 4483 

.00000 

.0000 

10 0 0 .0 0 

9 8 0 

- .0077 

69 .0 21 

_ 

.0150 

3 32.3 

.0013 

.4424 

.00000 

.0000 

1 5 00 .0 0 

8 98 

- .0079 

9 3 .48 2 

- 

.0151 

3 37 .0 

.0012 

. 4 320 

.00000 

.0000 








.0 0 00 

.0000 

.00000 

.0 0 00 




R, 1.20; 

pero ent 

fuel, 37.16; Q/F , 1.691 



1.0 0 

2034 

0.0305 






1.0323 

0 .01016 

- .2198 

1.0 5 

2 B 9 8 

.02 01 

2.136 

0 

.0020 

34.4 

0 .0073 

1 .0248 

.00989 

- .8184 

1 .60 

27 6 1 

.0170 

1.007 


.0003 

105.4 

.00 68 

.9 596 

.00775 

- .17 79 

1 .74 

27 3 3 

.0 3 64 

1 .000 


.000 0 

114.2 

.00 67 

. 9464 

.007 35 

- .1706 

2.0 0 

26 89 

.0154 

1.013 

- 

.0006 

127.1 

.00 65 

.924 9 

.00 6 7 3 

- .1591 

10.00 

218 2 

. 00 41 

2.343 

_ 

.007 2 

2 19.9 

.004 5 

.6953 

.00183 

- .05 48 

20.00 

19 6 8 

.00 02 

3.779 

- 

.0096 

245.1 

.00 37 

.6184 

.00 0 8 6 

- .0 2 89 

80.4 1 

196 2 

. 00 01 

3.834 

- 

.0096 

24 5.8 

.00 37 

.6163 

.00084 

- .088 3 

40 .00 

1 7 5 fl 

- .00 28 

6 .218 

- 

.0113 

265 .7 

.00 30 

.558 0 

.000 3 5 

- .0131 

4 0.83 

1752 

- , 00 38 

6.312 

- 

.0114 

266.2 

.00 30 

.5564 

.00034 

- .0128 

8 0.00 

1556 

- .0046 

10 .337 

- 

.0124 

28 2.7 

.00 2 4 

.5141 

.00011 

- .00 49 

100.0 0 

14 9 4 

- .0051 

12 .19 0 

_ 

.0126 

28 ? . 5 

.00 22 

.5038 

.00008 

- .0034 

3 00 .0 0 

13 08 

- . 0059 

20 .395 

- 

.0129 

300.9 

.0016 

. 4742 

.00002 

- .0009 

3 0 0 .00 

3 2 06 

- . 0062 

27 .59 1 

- 

.0130 

3 0.7 .7 

.0016 

. 4609 

.00001 

- .0004 

500 .0 0 

1 0 B6 

- .0065 

40 .39 5 

- 

.0130 

3 15.3 

.00 14 

. 4 4 57 

.00000 

- .0001 

non .0 0 

98 3 

- .0067 

57 .370 

- 

.0130 

321.5 

.0012 

.4 331 

.00000 

.00 00 

1000 .00 

9 37 

- .00 68 

67 .761 


.0131 

3 2 4.3 

.0011 

. 4 275 

.00000 

.0000 

1 5 00 .0 0 

8 56 

- .0069 

9 1 .66 9 

- 

.0131 

3 28 .7 

.0010 

.4 178 

.00 00 0 

.0000 


R, 1.50; 

percent 

fuel, 32.12; 0/P, 2.114 



1 .00 

2759 

0.0157 






0 .8534 

0 .006 3 3 

- .14 7 8 

1.05 

27 4 3 

.0154 

3.141 

0 

.0018 

32.6 

0 .00 58 

.8478 

.00615 

- .14 4 5 

1 ,60 

2 6 0 3 

. 03 38 

1.007 


.0 003 

9 9.7 

.00 53 

. 7989 

.00 4 7 3 

- .1178 

1 .75 

257 4 

.0122 

1.000 


.0000 

108.3 

.00 52 

. 7887 

.00446 

- .1125 

8.0 0 

2530 

.0114 

1.013 

- 

.0005 

120.2 

.00 51 

.7729 

.00 4 07 

- .10 46 

10.00 

2017 

.0021 

3.315 

• 

.0060 

207.4 

.00 33 

. 596 2 

.00098 

- .0 324 

20.0 0 

18 03 

- .0008 

3.711 

- 

.0078 

230 .8 

.00 27 

. 6367 

.00042 

- .0 165 

2 0.41 

17 97 

- .0009 

3.764 

- 

.0079 

2 31 .4 

.0 0 27 

.5352 

.00041 

- .0151 

4 0.00 

1596 

-.0028 

6 .066 

- 

.009 0 

24 9.8 

.00 21 

.4 920 

.000 1 4 

- .00 61 

4 0.83 

1 591 

- . 00 28 

6.156 

- 

.0090 

250.3 

.0031 

. 4909 

.00014 

- .00 59 

8 0.00 

14 01 

- . 0039 

10 .018 

- 

.009 5 

265.4 

.0017 

.4 598 

.00004 

- .0019 

1 0 0 .00 

134 1 

-.0041 

11 .7 9 0 

_ 

.0096 

269 .R 

.00 16 

.4516 

.00002 

- .0012 

2 0 0 .0 0 

1166 

- .00 45 

19 .610 

- 

.0097 

282.0 

.0013 

. 430 3 

.000 00 

- .0003 

300 .0 0 

10 71 

- .0047 

3 6 .44 1 

- 

.0097 

28 9 . 2 

.0011 

.4194 

.00000 

- .0001 

5 0 0 .0 0 

95 9 

- . 00 48 

30 .555 

- 

.009 7 

295 .1 

.00 09 

. 4071 

.00000 

.0000 

8 0 0 .0 0 

8 6 5 

- .00 50 

5 4 . 56 0 

- 

.0097 

300 .6 

.00 08 

.3966 

.00 0 00 

.0000 

3 0 0 0 .0 0 

8 2 2 

- .00 50 

6 * . 33 2 

_ 

.0097 

30 3.0 

.0008 

.3918 

.00000 

.0000 

i son .oo 

7 4 9 

- .00 51 

ft 6 .765 

- 

.0007 

307.1 

.00 07 

. 38 37 

.00000 

.0000 


4663 
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TABLE III. - Continued. THERM3BYHAMIC EEKIYATIVES AT ASSIGNED FKESSURE RATIOS FOR 

LIQUID AMMDHIA AND LIQUID OXYGEN 

(c) Concluded. Chamber pressure, 600 pounds per square inch absolute; equilibrium 

composition during isentropic expansion 


Pressure 

ratio, 

fcA 

Temper- 

ature. 

T, 

°K 

Tempera- 
ture ex- 
ponent. 

Area ratio, 

c 

Area-ratio 

exponent, 

n e 

Specific 
impulse , 

(lb|fsee) 

Speolfic- 

iapulse 

exponent, 

n I 

Specific 

heat, 

C«a)/(s)C°K:) 

fa 1 njt\ 
In P ) T 





R, 2.00i 

percent fuel, 26.19 

0/P, 2.818 




1 .00 

2 5 36 

0.0110 






0 . 6880 

0 

.00344 

- .08 89 

1 .05 

2 5 19 

.0107 

2,150 

0 

.0 017 

30.2 

0 .00 42 

.68 33 


.00 3 32 

- .0865 

1 .60 

2 377 

.0084 

1 .008 


.0003 

9 2.4 

.00 38 

.642 1 


.00241 

- .0670 

1.7 6 

2 34 5 

.007 6 

1 .000 


.0000 

10 0.8 

.00 37 

.6330 


.002 2 4 

- .06 29 

a .oo 

2 3 02 

.0071 

1.011 

- 

.0004 

111.3 

.00 35 

. 6 205 


.00200 

- .0 5 75 

10.00 

17 8 3 

. 0002 

2 .267 

_ 

.0047 

19 1.0 

.0021 

. 4873 


.00033 

- .0124 

8 0.00 

1 572 

- .0014 

3.597 

- 

.0056 

212 .1 

.0016 

. 4495 


.000 1 1 

- .00 47 

80.4 1 

15 66 

-.0015 

3.648 

- 

.0056 

2 12.6 

.0016 

. 44 8 6 


.00 Oil 

- .00 45 

4 0.00 

137 4 

- .0023 

5.824 

- 

.0 059 

229.0 

.0012 

. 4224 


.0 0 00 3 

- .0013 

4 0.83 

136 9 

- .00 23 

5 .908 

- 

.0059 

229.5 

.0012 

.4217 


.0000 3 

- .001 3 

8 0.00 

119 3 

- .0026 

9.537 

- 

.0 060 

2 4 2 . ft 

.00 0 9 

. 4038 


.00001 

- .0003 

100 .0 0 

1138 

- .0 0 27 

11 .195 

_ 

.0060 

246.7 

.0009 

. 3973 


.00000 

- .0002 

2 0 0 .0 0 

9 8 0 

-.0028 

18 .48 2 

- 

.0 059 

2 57 .3 

.00 07 

.3818 


.00000 

.0000 

3 00 .0 0 

8 9 6 

-.0029 

24 .816 

_ 

.0059 

262 .7 

.00 06 

. 3736 


.00000 

.0000 

5 0 0 .0 0 

7 97 

-.0030 

3 5 .998 

- 

.0 059 

268.6 

.00 0 5 

. 36 37 


.0 0 00 0 

.0000 

ft 00 .0 0 

714 

-.0030 

5 0 .7 0 0 


.0 0 59 

273.4 

.0004 

.355 4 


.00000 

.0000 

1 0 00 .0 0 

677 

- .00 31 

59 .650 


.0059 

275.5 

.0004 

. 3517 


.00 0 0 0 

.00 00 

15 00 .0 0 

6 14 

-.00 31 

8 0 .136 

- 

.0 059 

278 .9 

.00 04 

. 3453 


.00000 

.000 0 








.00 00 

. 0000 


.oo ao o 

.0000 




R, 3.00; 

percent fuel, 19.13 

; 0/F, t.227 




1.0 0 

2171 

0.0049 






0 . 5023 

0 

.00 1 0 2 

- .0315 

1.0 5 

2154 

.0047 

2.170 

0 

.0012 

26 .ft 

0 .0020 

. 4988 


.00 0 97 

- .0301 

1 .60 

20 08 

. 00 31 

1.010 


.0002 

81 .R 

.00 16 

. 470 4 


.0006 1 

- .0202 

1 .78 

197 2 

. 00 27 

1.0 00 


. 0 000 

9 0.2 

.00 16 

. 4637 


.00053 

- .0 180 

2 .00 

19 33 

.0023 

1 .009 

- 

.000 2 

96.4 

.00 1 5 

. 4 565 


.0 0 0 46 

- .0 159 

10.00 

14 26 

- .000 5 

2.186 

_ 

.0 0 19 

167.4 

.0 0 07 

. 3868 


.00003 

- .0014 

20 .00 

12 3 5 

-.0008 

3.424 

- 

.0019 

185.1 

.00 05 

. 3697 


.00 0 01 

- .000 3 

8 0.41 

12 30 

- .0008 

3.471 

- 

.0 0 19 

18 5.6 

.0005 

. 369 3 


.00 00 1 

- .0003 

4 0 .0 0 

10 64 

- . 0009 

5.480 

— 

.0 0 19 

19 9.2 

.0 0 04 

. 3557 


.000 00 

. 00 0 O 

4 O .ft 3 

■ V'lll 

- . 0009 

5.558 

- 

.0 019 

199 .6 

.00 04 

. 355 3 


.00000 

. OOO O 

0 0.00 

9 11 

- . 0009 

8.861 


.0019 

210 .5 

.0003 

. 34 34 


.00 00 0 

.000 0 

10 0 .0 0 

866 

- .0009 

10 .39 2 


.0 0 19 

2 13.7 

.00 03 

. 3395 



. 00 OO 

200 .0 0 

7 36 

- . 0009 

16 .98 4 

- 

.0018 

222.3 

.00 02 

. 3282 



.00 00 

3 0 0 .0 0 

6 6 R 

-.0010 

22 . 67 ? 

- 

.0018 

226.7 

.0002 

. 3220 



.0000 

5 0 0 .0 0 

58 9 

-.0010 

32 .65 0 

- 

.00 18 

231.4 

.000 1 

.3148 


EE : E 3 

.0000 

ft 00 .0 0 

524 

-.0010 

4 5 .68 4 

- 

.0018 

2 35.2 

.00 0 1 

. 308 9 


.000 00 

. 0 0 c o 

10 00 .0 0 

4 9 5 

- .0010 

5 3 .587 

_ 

.0018 

2 36.9 

19TTTT1 




.0000 

1 5 0 0 .0 0 

4 46 

- .0010 

71 .604 

- 

.0018 

2 39.6 

1 * K ■ 
















. aoon 




R, 4.00; 

percent fuel, 15.07 

0/F, 5.636 




1 .00 

1877 

0 .0018 






0 .4111 

0 

.00026 

- .0101 

1.0 5 

186 1 

.00 17 

2 .188 

0 

.0006 

24.4 

0 .0008 

. 4088 


.00 0 26 

- .0095 

1 .60 

17 19 

.00 09 

1.011 


.000 1 

74.1 

.0006 

. 3911 


.000 14 

- .0054 

1 .so 

1680 

.00 07 

1 .000 


.0000 

8 2.4 

.0005 

. 3868 


.00011 

- .00 45 

2 .00 

1646 

.00 06 

1 .007 

- 

.000 1 

8 9.1 

.00 05 

. 3831 


.00009 

- .00 30 

10.00 

1179 

- .00 03 

2.136 

_ 

.0005 

150.4 

.0002 


I 

.00 0 00 

- .0001 

20.0 0 

10 12 

- . 0002 

3.322 

- 

.0 005 

16 6.0 

.00 01 


a 

.00000 

.0 000 

20.4 1 

1007 

- .00 02 

3.367 

- 

.0 005 

16 6.4 

.00 01 

Hfrr ‘infe 


.00000 

.0000 

4 0 .0 0 

863 

- .0003 

5.280 

- 

.0 005 

178 .2 

.0001 

W*rl ' • * 

■ 

.00000 

.000 0 

40.8 3 

8 5 9 

- .00 03 

5.354 

- 

.0005 

178.6 

.0001 



.00000 

.0000 

90 .00 

7 3 3 

-.0003 

8.497 

- 

.0004 

16 8.0 

.00 0 1 

yn%ul 

1 

.00000 

.0000 

1 on .0 0 

69 4 

- .0003 

9 .920 

_ 

.0004 

19 0.8 

.0001 

. 3078 


.00000 

.OOOft 

200 .00 

5 8 5 

- . 0003 

16 .099 

- 

.0 004 

19 8.2 

.0001 

.298 3 


.00 0 00 

.0000 

3 00 .0 0 

5 2 8 

- . 0003 

2 1 .402 

- 

.0 00 4 

2 01.8 

.00 00 

. 29 34 


.ooooo 

.OOOft 

500 .00 

4 63 

-.00 03 

30 .665 

- 

.0004 

20 5.9 

.00 00 

. 2877 


.00000 

.0000 

8 0 0 .0 0 

4 10 

-.0003 

4 2 .7 18 

- 

.0004 

209.1 

.on oo 

. 2634 


.00000 

.000 0 

1 O 0 0 .0 0 

386 

-.0003 

50 .0 09 

_ 

.0004 

2 10.5 

.00 00 

. 2fi 1 H 


.0 0 0 00 

.0000 

1 5 0 0 .0 0 

347 

- .0003 

66 .6 14 

- 

.000 4 

2 12.7 

.00 00 

. 279 4 


.00 0 00 

.0000 








111 ■ 

. 00 00 


.0 0 0 00 

.000 0 








1 .00 

16 4 1 

0 .00 06 






0 . 36 3 9 

0 

.0 0 0 07 

- .00 30 

1 .05 

16 25 

.0005 

2 .201 

0 

.0002 

3 2.4 

0 .0003 

.3625 


.000 07 

- .0027 

1 .60 

14 9 1 

.0002 

1.013 


.000 0 

6 8.1 

.00 02 

.3515 


.00 003 

- .0013 

1 .81 

14 5 4 

. 0002 

1.0 00 


.000 0 

76.1 

.00 02 

. 3487 


.000 02 

- .0010 

2.0 0 

14 24 

.0001 

1.006 

- 

.0000 

8 1.6 

.00 01 

. 3465 


.000 02 

- .0009 

10.00 

1001 

- .0001 

2.106 

_ 

.0001 

137.5 

.00 00 

.319 1 


.0 00 00 

.0000 

20 .00 

8 5 3 

-.0001 

3 .257 

- 

.0001 

151.5 

.00 00 

. 3091 


.0 00 00 

.000 0 

20 .41 

8 4 9 

-.0001 

3.300 

— 

.000 1 

15 1.9 

.00 00 

. 3088 


.00000 

.00 00 

4 0.00 

723 

-.0001 

5.149 

- 

.000 1 

162.5 

.00 00 

.299 3 


.00 0 00 

. ooo o 

4 0 .ft 3 

7 20 

-. 0001 

5.220 

- 

.000 1 

162 .8 

.00 00 

. 299 0 


.0 0 0 00 

.0000 

8 0.00 

6 10 

- . 0003 

8.240 

- 

.000 1 

171.2 

.00 00 

.2 900 


.0 00 00 

.0000 

100 .0 0 

577 

-.00 01 

9.603 


.000 1 

17 3.6 

.00 00 

. 2871 


.00 0 00 

.0000 

3 00 .0 0 

4 8 3 

-.000 1 

15 .498 

- 

.7001 

18 0.2 

.00 oo 

. 2792 


.00000 

.0000 

300 .00 

4 34 

-.0001 

20 .539 

- 

.0001 

18 3.4 

.00 00 

. 2751 


.00 00 0 

.0000 

5 00 .0 0 

379 

-.0001 

29 . 324 

- 

.000 1 

18 6.9 

.00 00 

.2712 



.oooo 

« oo . ao 

3 34 

- .0001 

40 .7 4 1 

- 

.000 1 

18 9.7 

.00 00 

. 2687 



.0000 

1 0 0 0 .0 0 

>'31 5 

-. 0001 

47 .644 

_ 

.0001 

190.9 

.00 00 

. 2677 



.oooo 

1 5 0 0 .0 0 

28 2 

-. 000 1 

63 .355 

" 

.0001 

Uiifil 

.00 00 

.26 64 



.0000 
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE 
RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN 


(d) Chamber pressure, 600 pounds per equarf inch absolute; frozen 
composition during lsentropic expansion 


Pressure 

ratio, 

Ee/f 

Temper- 

ature, 

T, 

°K 

Tempera- 
ture ex- 
ponent, 

nip 

Area ratio, 
e 

Area-ratio 

exponent, 

** 



Specific 

lmpulee, 

(lb|fsec) 

Specific- 

impuloe 

exponent, 


R 

0.40; percent fuel, 65.95; 0/P, 

>.564 


" 1.6 5 

1334 

0 .0000 

2.226 

0 .000 0 

2 9.1 

0 .00 00 

i . SO 

13 10 

. 0000 

1 .015 

.000 0 

88.3 

.00 00 

2 .00 

1148 

.0000 

1.004 

,0 000 

105.9 

.00 00 

10.00 

77 2 

.0000 

2 ,030 

.0000 

176.3 

.00 00 

3 0.00 

6 4 6 

.000 0 

3.093 

.0000 

193.5 

.oooo 

30.4 1 

6 4 3 

. 000 0 

3.133 

,000 0 

193.9 

.00 00 

4 0.00 

5 38 

.0000 

4.823 

.000 0 

206 . 8 

.00 00 

4 0.83 

535 

.0000 

4.888 

.000 0 

207.1 

.00 00 

80.0 0 

4 47 

.0000 

7.629 

.000 0 

217.3 

.00 00 

too .oo 

4 21 

. 0000 

8.863 

.0000 

220 .1 

.0000 

3 00 .0 0 

34 9 

. 000 0 

14 .19 1 

.0000 

227.8 

.00 00 

3 0 0 .0 0 

3 12 

.0000 

18 .7 4 4 

.000 0 

2 31.6 

.00 00 

b 00 .0 0 

2 7 1 

. 00 OX) 

2 6 .68 0 

.000 0 

235 .7 

.00 00 

8 0 0 .00 

2 38 

.0000 

36 .978 

.0000 

2 39 .0 

.00 00 

1 0 00 .0 0 

224 

. 0000 

4 3 .187 

.0000 

240 .4 

.oooo 

1600 .0 0 

2 00 

. 0000 

57 .26 6 

.0000 

242.7 

.00 00 


R 

0.50; percent fuel, 56.67; 0/F, 

>.705 


1.0 5 

176 6 

0 .0001 

2.306 

0 .0000 

32.1 

0 .0001 

1.6 0 

16 17 

. 000 1 

1.013 

.000 0 

97.5 

.oooo 

3 .00 

1541 

.000 1 

1 .006 

.000 0 

117.1 

.00 00 

10.00 

3 0 7 4 

.000 1 

3.090 

. 0 00 0 

19 6.4 

.00 00 

30 .00 

9 3 1 

.0001 

3.318 

.000 0 

216.2 

.0000 

30 .41 

9 0 6 

.000 1 

3.261 

.0000 

216.8 

.oooo 

40 .00 

768 

.0001 

5 .065 

.000 0 

231 .7 

.0000 

4 0.83 

76 4 

.0001 

5 .13 4 

.0 000 

232.1 

.00 00 

8 0.00 

64 4 

.0001 

8 .071 

.000 0 

243 .9 

.00 00 

too .0 0 

608 

. 000 1 

9.395 

. 0 0D 0 

247 .3 

.00 00 

3 0 0 .0 0 

5 08 

.0001 

15 .126 

.0000 

256 .4 

.00 00 

300 .00 

4 56 

. 0001 

20 .0 32 

.000 0 

660 .9 

.00 00 

5 00 .0 0 

398 

.0001 

28 .60 1 

.000 0 

265.8 

.0000 

8 00 .00 

351 

.000 1 

39.755 

.0 000 

26 9 . 8 

.0000 

1 0 00 .0 0 

330 

.0001 

4 6 .505 

.0000 

271.4 

.00 00 

1 500 .0 0 

2 96 

.000 1 

6 1 .081 

.0000 

274 . 2 

.00 00 


R 

0.60; percent fuel, 54*. 19; 0/F, 0.845 

— 

1 .05 

2150 

0 .0011 

2.193 

0 ,0001 

34.1 

0 .0005 

1 .60 

19 8 0 

. 00 1 1 

1.012 

. 000 0 

103.6 

.0004 

2.0 0 

1895 

,0011 

1 .007 

.0000 

124 .5 

.00 04 

10.00 

1 358 

.0013 

2 *13 9 

. 0 001 

2 10.0 

.00 05 

20.0 0 

1 1 66 

.0013 

3.329 

, oot) 2 

2 31.0 

.0005 

2 0.41 

116 1 

.0013 

3.374 

.0002 

232.3 

.00 05 

4 0,00 

995 

.0014 

5.392 

.000 3 

24 8.9 

.00 05 

4 0.83 

9 9 1 

.0014 

5.366 

.0003 

249.3 

.00 05 

80 .00 

8 4 5 

.0015 

8.512 

. 0 0O”3 

262.6 

.00 05 

i oo ,'bo 

8 00 

.0015 

9.936 

.0 003 

266.4 

.0005 

2 0 0 .0 0 

6 74 

.0016 

16 .118 

.0004 

276.7 

.00 05 

3 0 0 .0 0 

6 09 

,001b 

2 1 .439 

.0 004 

281.9 

.0005 

5 00 .0 0 

5 34 

.00 17 

30 .7 2 1 

. 0 0D 5 

287 .5 

.00 05 

8 0 0 .0 0 

4 7 3 

.00 17 

4 2 .8 37 

.0 005 

292.0 

.0005 

1 0 0 0 .0 0 

4 4 6 

.0017 

5 0 .17 9 

. 0 0 b‘5 

293 .9 

.00 06 

1 5 0 0 .00 

4 0 1 

.0017 

66 .923 

.000 5 

297.1 

.00 06 


R 

0.70; percent fuel, 50.34; 0/F, 

>.986 


1.0 5 

24 8 1 

0 .0054 

2.183 

0 .000 3 

35 . 3 

n .00 2 2 

1 .60 

2 2 95 

. 00 55 

1.011 

.0 0 0 0 

107.5 

.00 21 

2.0 0 

23 01 

.00 56 

1.008 

.oooo 

12 9.2 

.00 2 1 

10.00 

16 11 

.0064 

3 .176 

.0 006 

2 18.9 

.0023 

20.00 

1 398 

.0068 

3.415 

.0010 

2 4 2.1 

.00 24 

20 .41 

139 2 

.0068 

3.462 

.0010 

2 4 2.7 

.00 2 4 

4 0.00 

12 06 

.0073 

5.478 

.0013 

260.4 

.00 24 

4 0.83 

12 01 

. 007 3 

5.556 

.0013 

260 .9 

.00 2 4 

8 0.00 

10 3 4 

.0076 

B . 8 9 2 

.0017 

275.3 

.0025 

10 0.00 

98 3 

.0078 

10 .408 

.0018 

279 .4 

.00 25 

2 00 .0 0 

8 37 

.0082 

17 .027 

.0021 

290 .7 

.00 26 

3 0 0 .0 0 

7 5 9 

. 0084 

2 2 .7 3 8 

.0063 

296.4 

.00 26 

500 .0 0 

6 70 

.0087 

3 2 .7 6 2 

.0 026 

3 0 2 .6 

.0067 

8 0 0 .0 0 

5 96 

. 0089 

45 .874 

.0028 

307.6 

.0027 

1 0 0 0 .00 

564 

. 00 9 0 

5 3 .8 3 1 

.0028 

309 .0 

.00 67 

15 0 0 .0 0 

5 0 8 

.00 92 

7 1 .99 9 

.00 30 

3 13.3 

.0028 




t!Q-7 tack 4663 


MACA EM 158A21 


51 


TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE 

RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN 

(d) Continued. Chamber pressure, 600 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

ratio, 

Pe/P 

Temper- 

ature, 

T, 

°K 

Tempera- 
ture ex- 
ponent, 

Hip 

Area ratio, 
e 

Area-ratio 

exponent. 

Specific 

impulse, 

I, 

(lb) (sec) 

Specific- 

impulse 

exponent, 

n I 

lb 


R 

0.80; percent fuel, 47.01; 0/F, 

L .127 


1 .0 5 

2 7 37 

0.0137 

2.176 

0 ,0 00 4 

35.9 

0 .0051 

1.60 

2 5 39 

.0141 

1.010 

.0001 

10 9.5 

.00 52 

2.00 

2 4 4 0 

.0143 

1.009 

.000 1 

131.7 

.00 53 

10.00 

18 11 

.0163 

2.202 

.0016 

2 2 3.8 

.00 57 

20.0 0 

15 8 2 

.0172 

3.476 

.0024 

24 7.8 

.00 59 

20.41 

15 76 

.0172 

3.525 

.0 02 4 

24 8 .4 

.00 59 

4 0.00 

13 76 

.0183 

5 .612 

.00 3 3 

266.9 

.00 60 

4 0.83 

13 7 0 

.0183 

5.693 

.0 0 3 3 

2 6 7.4 

.00 60 

8 0.00 

119 0 

.0194 

9.173 

.0 0 4 2 

288 .5 

.00 62 

100 .0 0 

113 4 

.0198 

10 .762 

.0046 

286.9 

.00 63 

2 0 0 .0 0 

9 7 3 

.0210 

17 .730 

.0056 

298.9 

.0064 

3 0 0 .0 0 

8 8 8 

.0217 

2 3 .77 3 

.0062 

304.9 

.0065 

b 00 .0 0 

7 8 8 

. 02 26 

34 .418 

.0069 

3 11.6 

.00 67 

POO .00 

7 0 4 

.02 33 

4 8 .3 8 6 

.0076 

316.9 

.00 68 

1 0 00 .0 0 

6 67 

. 02 36 

5 6 .8 8 0 

.0078 

3 19.2 

.00 68 

1 b 0 0 .0 0 

6 0 4 

.02 42 

76 . 307 

.008 3 

323.1 

.0069 


R 

0.90; percent fuel, 44.09; 0/F, 

L.208 


1.0 5 

28 97 

0 .02 21 

2.173 

0 .0007 

36.0 

0 .0081 

1 .60 

2 6 9 3 

.02 27 

1.010 

.000 1 

10 9.9 

.00 82 

2.0 0 

2 5 9 0 

. 02 31 

1 .009 

.0002 

138.2 

.00 83 

10.00 

1 9 38 

.02 62 

2.218 

.0026 

825.0 

.00 90 

2 0.00 

17 0 1 

.02 77 

3.513 

.0038 

2 4 9.3 

.00 92 

2 0.41 

16 9 4 

.0278 

3.562 

.0039 

2 5 0.0 

.00 93 

4 0.00 

14 86 

. 02 95 

5.693 

.0053 

868.8 

.00 95 

4 0.83 

14 8 0 

.0295 

5.776 

.00 5 3 

869.3 

.00 95 

8 0.00 

12 9 2 

.0313 

9.345 

.0068 

284.7 

.00 98 

10 0 .00 

12 3 4 

.0320 

10 .97 9 

.0074 

289.8 

.00 99 

2 0 0 .0 0 

10 6 4 

. 03 40 

18 .17 1 

.0091 

301.5 

.0 102 

3 0 0 .0 0 

97 3 

.03 52 

2 4 .429 

.0101 

3 0 7 .7 

.0 104 

5 00 .0 0 

6 67 

.03 67 

35 .486 

.0114 

3 14.6 

.0106 

8 00 .0 0 

7 7 8 

. 03 8 0 

5 0 .0 3 4 

.0126 

3 2 0.2 

.0 107 

1 0 00 .0 0 

7 3 8 

.0386 

5 8 .89 4 

.0131 

322.6 

.0108 

1 b 00 .0 0 

67 0 

.0 3 96 

7 9 .18 7 

.0140 

3 2 6.6 

.0110 


R 

0.95; percent fuel, 42.76; 0/F, 

.339 


1.0 b 

2 9 39 

0 .03 47 

2 .17 2 

0 .0007 

35 .9 

0 .00 89 

1.60 

2 7 3 3 

.02 55 

1.010 

.000 2 

10 9.5 

.00 91 

3.0 0 

2 6 3 0 

.0259 

1.009 

.000 2 

131.7 

.00 92 

10.00 

19 7 2 

.02 93 

2.222 

.0029 

2 2 4.4 

.0100 

20.0 0 

17 3 2 

.0310 

3.522 

.00 4 3 

2 4 8.7 

.0103 

20.41 

17 2 6 

.0311 

3.572 

,004 3 

2 4 9.4 

.0103 

4 0.00 

15 16 

. 0 3 30 

5.714 

.0 0 59 

2 6 8.2 

.0 106 

4 0.83 

150 9 

. 0 3 30 

5.798 

. 0 0 5 9 

2 6 8 .7 

.0 106 

8 0.00 

13 19 

. 0 3 51 

9.390 

.0076 

284 .1 

.0109 

10 0 .00 

12 6 0 

.03 58 

11 .037 

.008 2 

288.6 

.0110 

2 0 0 .0 0 

10 8 9 

. 03 8 0 

18 .290 

.0102 

3 0 1 .0 

.0114 

3 0 0 .0 0 

9 9 7 

. 0 3 94 

2 4 .607 

.0114 

3 07.2 

.0115 

5 00 .0 0 

8 8 9 

.0411 

3 5 .778 

.0128 

3 14.2 

.0118 

BOO .00 

7 9 8 

.04 26 

5 0 .487 

.0141 

3 19.8 

.0120 

1 0 00 .0 0 

7 5 8 

. 04 33 

59 .451 

.0148 

3 2 2 .2 

.0121 

1 b 0 0 .0 0 

6 8 8 

. 04 45 

7 9 .988 

.0168 

3 2 6.2 

.0 122 
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE 

RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN 

(d) Continued. Chamber pressure, 600 pounds per square inch absolute; 
frozen composition during isentropiq expansion 


Pressure 

ratio, 

V* 

Temper- 

ature, 

T, 

OK 

Tempera- 
ture ex- 
ponent, 
nr 

Area ratio, 

E 

Area-ratio 
exponent, 
n * ; ■ 

Specific 

impulse, 

(lb) (fi.c) 

Specific- 

Impulse 

exponent, 

n I 



R 

1.00; percent fuel, 41.51 ; CJ/F, 

1.409 


l .Ob 

20 56 

0 .02 57 

8.171 

0 . 0 007 

35.7 

0 .00 92 

1.60 

27 5 0 

. 0265 

1.010 

.0001 

108.9 

.00 94 

2 .00 

2 6 4 6 

.02 69 

1 .0 09 

.0002 

131.0 

.00 9 5 

m ,oo 

19 8 6 

. 03 05 

2.223 

.0030 

223.1 

.0103 

20,00 

17 4 6 

. 0 3 23 

3.527 

. 0 0 4 b 

247.3 

.0106 

20.4 1 

17 3 9 

. 03 33 

3.576 

.0 0 4 5 

247.9 

.0 106 

4 0.00 

15 28 

.0343 

5.724 

.0061 

266.7 

.0110 

4 0.63 

15 2 2 

. 0 3 4 3 

5.808 

.0062 

267.2 

.0 110 

ao .oo 

13 31 

.03 64 

9.411 

.0079 

2 8 2 .6 

.0113 

00 ,0 0 

127 1 

.03 72 

11 .06 4 

. 0 0 86 

207.1 

.0114 

2 0 0 .0 0 

1099 

.03 9 5 

19 .345 

.0106 

299.4 

.0118 

3 0 0 .0 0 

1 0 U7 

.0410 

24 .691 

.0118 

3 0 5.6 

.0119 

5 00 .0 0 

8 9 9 

. 04 27 

35 .916 

.0134 

3 12.5 

.0 122 

6 0 0 .0 0 

8 07 

. 0 4 4 3 

5 0 .70 4 

.0140 

3 18.1 

.0124 

1 0 0 0 .0 0 

7 66 

.04 51 

5 9 .717 

. 0 J 5 4 

320.5 

.0 125 

1 5 00 .00 

6 96 

. 04 6 3 

8 0 .37 4 

.0165 

324.6 

.0107 


R 

1.10; percent fuel, 39.22; 0/T*, 

L.5S5 " 


1.0 5 

2 9 37 

0 . 024 0 

2.171 

0 . 0 007 

35 . 1 

0 .00 06 

1 .60 

27 32 

. 02 47 

1.010 

.0001 

107.0 

.00 0 8 

2.0 0 

26 29 

.0259 

1 .009 

.000 2 

128.7 

.00 89 

10.00 

i <>7 a 

.028 5 

2.223 

.002 8 

219.3 

.00 96 

20 .00 

17 3 3 

.0309 

3.525 

.004 2 

24 3.0 

.00 99 

20 .41 

1 7 27 

. 0302 

3.574 

.004 2 

24 3.6 

.00 99 

4 0.00 

1 5 17 

. 03 21 

5 .730 

.0657 

262 .1 

.0103 

4 0.83 

1 fa 1 1 

.03 21 

5.804 

.0058 

2 6 2 .6 

.0103 

0 0.00 

1321 

.0 3 41 

9.403 

.0075 

277.6 

.0106 

1 00 .oo 

1262 

. 03 48 

11 .0 5 4 

.008 0 

282.0 

.0107 

aoo .oo 

109 1 

.03 70 

1 e .335 

.0099 

294.1 

.0110 

300 .00 

9 99 

. 0383 

24 .661 

.0111 

300.2 

.0112 

5 00 .0 0 

8 9 2 

. 04 00 

35 .87 0 

.0 125 

307 .0 

.0114 

ROO .00 

8 01 

.0415 

5 0 .634 

.0138 

310.5 

.0116 

i o o n .oo 

7 6 0 

. 0 4 2? 

5 9 .63 3 

.0144 

3 14.9 

.0117 

1 5 0 0 .00 

6 9 1 

.04 34 

0 0 .2 57 

.0155 

3 10.9 

.01 16 


R 

1.20; percent fuel, 37.16; ftj F, 

L .691 


1.0 5 

2 a 9 u 

0.0214 

2.172 

0 .0007 

3 4.4 

0 .00 79 

1 .60 

26 87 

.02 21 

1.010 

.000 1 

104.9 

.0079 

3.0 0 

2 585 

.0905 

1 .009 

.0001 

126.2 

.0080 

10.00 

19 36 

. 02 55 

2.319 

.0025 

2 14.9 

.00 07 

20.00 

1 7 OO 

.0070 

3.517 

.0038 

238.1 

.00 09 

20.41 

16 9 3 

. 027 0 

3.566 

.00 30 

238.7 

.00 90 

4 0.00 

I4 86 

. 02 8 7 

5.702 

.005 1 

256 .7 

.00 92 

4 0.83 

14 8 0 

.02 87 

5.786 

.0052 

257.2 

.00 92 

8 0.00 

12 9 3 

.0305 

9.366 

.0 067 

272 .0 

.0095 

10 0 .0 0 

12 34 

.0311 

11 .007 

.007 2 

276.3 

.00 96 

2 0 0 .00 

10 66 

. 03 31 

18 .231 

.0089 

288.1 

.0099 

3 0 0 .0 0 

9 76 

.0 34 3 

2 4 . 52 2 

.0099 

294.0 

.0 1 00 

5 0 0 .00 

0 7 0 

.03 57 

3 5 .64 4 

.0112 

3 0 0 .6 

.0 102 

8 0 0 .00 

7 e i 

. 0371 

5 0 .287 

.0123 

3 0 6 .0 

.0 104 

1 0 0 0 .0 O' 

7 4 1 

.0377 

5 9 .2 09 

.0129 

3 08.3 

.0 105 

1 5 0 0 .00 

6 7 3 

.0387 

79 .651 

.0138 

3 12.1 

.0106 


R 

1.50; percent fuel, 32.12; C/P, 

>.114 


1.0 5 

27 36 

0 .0166 

2.175 

0 .0 005 

32.6 

0 .00 62 

1 .60 

2 5 4 0 

.0171 

1.010 

.0601 

99.3 

.00 6 3 

a . o o 

2 4 4 1 

.0174 

1.009 

.0001 

119.4 

.00 64 

10.00 

18 17 

.0197 

2.207 

.0020 

203.0 

.00 69 

2 0.00 

1 590 

.02 09 

3.488 

. 0 02 9 

224.8 

.0071 

20.4 1 

3 5 0 3 

.0209 

3.537 

.0029 

225.4 

.00 7 1 

4 0.00 

138 5 

.022? 

5.640 

.004 0 

242 .3 

.00 73 

4 0.03 

a 379 

.02 2? 

5.722 

.004 0 

2 42.7 

.00 73 

8 0.00 

1 2 01 

.02 35 

9.236 

.0051 

256.5 

.0075 

10 0.00 

114 5 

.0240 

10 .8 4 4 

.0055 

260.5 

.00 76 

2 00 .00 

9 8 5 

.02 55 

17 .9 0 5 

.0068 

271 . 5 

.00 78 

3 0 0 .0 0 

9 0 0 

. 02 63 

24 .041 

.0075 

277.0 

.00 79 

5 0 0 .00 

8 00 

.00 7 4 

34 .870 

.0085 

283.1 

.0081 

ft 0 0 .00 

7 17 

.02 8 4 

4 9 .10 2 

. 0 0 9 3 

2 8 8.0 

.0082 

1 0 00 .00 

6 80 

.02 08 

57 .7 6 4 

.009 7 

290 .2 

.00 83 

1 5 00 .0 0 

6 1 6 

.02 96 

77 .59 0 

.0103 

29 3 .7 

.00 84 
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TABLE III- - Concluded . THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE 

RATIOS FOR LIQUID AMMONIA AND LIQUID OXYGEN 

(d) Concluded. Chamber pressure, 600 pounds per square Inch absolute; 
frozen composition during Is en tropic expansion 


Pressure 

ratio, 

Pc/ p 

Temper- 

ature, 

T, 

OK 

Tempera- 
ture ex- 
ponent. 

Area ratio, 
£ 

Area-ratio 

exponent. 

Specific, 

impulse 

(lb) fsec) 

Specific- 

Impulse 

exponent, 

“i 

lb 



i, 2.00; percent fuel, 26.19; 0/F, 

2.818 


1.0 b 

2 5 13 

0 .0116 

2.180 

0 .0004 

30 . 2 

0 .00 4 6 

1 .60 

2 3 2 8 

.0120 

1.010 

.0001 

92 .0 

.0046 

2 .00 

22 35 

.0122 

1 .008 

.000 1 

110.6 

.00 47 

10 .00 

1 6 4 6 

.0138 

2.188 

.0013 

187 .7 

.00 50 

20.0 0 

14 33 

.0146 

3.444 

.0020 

2 07.6 

.00 51 

20 .41 

14 27 

.0146 

3.492 

.0020 

208 .1 

.00 52 

4 0.00 

12 4 2 

.0155 

5.546 

.0027 

2 2 3.5 

.00 53 

40.8 3 

12 37 

.0155 

5.626 

.0027 

223.9 

.0053 

8 0.00 

10 7 1 

.0164 

9.042 

.0035 

236 .4 

.00 54 

10 0 .0 0 

10 2 0 

.0167 

10 .600 

.0038 

74 0 .0 

.00 55 

2 0 0 .0 0 

87 3 

.0 177 

17 .426 

.0046 

24 9.9 

.0056 

300 .0 0 

7 9 5 

.0182 

23 .330 

.0050 

254 .9 

.00 57 

b 00 .0 0 

7 0 4 

.0189 

3 3 .74 6 

.0056 

260.4 

.00 58 

8 00 .0 0 

6 2 9 

.0195 

47 .39 1 

.006 1 

264.8 

.00 59 

1 0 00 .0 0 

595 

.0197 

5 5 .68 2 

. 0 0 6 3 

266 .7 

.00 59 

1 b 00 .00 

5 38 

.020 2 

7 4 .6 30 

.00 67 

269 .9 

.00 6 0 



3.00; percent fuel, 19.13; 0/F, 

4.227 


1.0 5 

215 1 

0 .00 53 

2.189 

0 .0001 

2 6.8 

0 .00 2 1 

1 .60 

19 8 4 

.00 54 

1.011 

.000 0 

8 1.6 

.00 22 

2.0 0 

19 0 0 

.0055 

1.007 

.000 0 

9 8.1 

.00 22 

10 .00 

1373 

. 00 62 

2.155 

.0006 

165 .7 

.00 24 

30 .00 

1186 

.00 65 

3.369 

.0 008 

18 3.1 

.0024 

20 .41 

118 1 

.0065 

3.415 

.0008 

18 3.5 

.00 24 

4 0.00 

10 19 

.00 69 

5.385 

.0011 

19 6.8 

.00 25 

40.8 3 

10 14 

. 0069 

5.461 

.0011 

197.1 

.0025 

8 0.00 

871 

.0073 

8.715 

.0014 

207 .8 

.00 26 

100 .0 0 

8 27 

.0074 

10 .19 3 

.0015 

2 10.9 

.00 26 

2 00 .00 

7 U 1 

.0077 

16 .636 

.0018 

2 19.3 

.00 26 

3 00 .0 0 

6 36 

. C 079 

22 .188 

.00 20 

223 .4 

.00 27 

5 00 .0 0 

5 6 0 

. 0082 

31 .918 

.0022 

228 .1 

.00 27 

R 00 .0 0 

4 97 

.008 4 

4 4 .62 1 

.0024 

231 .7 

.00 27 

1 0 00 .0 0 

4 6 9 

.008 5 

5 2 .316 

.002 5 

7 3 3.3 

.00 27 

1 b 0 0 .0 0 

4 23 

.0086 

69 .8 58 

.0026 

235 .9 

.00 28 


R, 4.00; percent fuel, 15.07; 0/F, 

5.656 


1.0 5 

1859 

0 .0020 

2.197 

0 .0001 

2 4.4 

0 .00 09 

1 .60 

17 0 8 

.00 20 

1.012 

.0000 

74.0 

.00 0 9 

2 .00 

16 32 

.0021 

1 .007 

.0000 

88 .9 

.00 09 

10.00 

116 2 

.0023 

2.127 

.000 2 

14 9.8 

.0009 

20.0 0 

9 9 6 

. 0024 

3.305 

.000 3 

165.2 

.00 09 

20 .41 

9 9 1 

. 0024 

3.350 

.000 3 

165.6 

.0009 

4 0.00 

8 4 9 

.00 26 

5.252 

.000 4 

177.3 

.00 10 

4 0.83 

8 4 5 

.0026 

5.325 

.0004 

177.6 

.0010 

80.0 0 

7 20 

. 0 0 27 

8.448 

.000 5 

187.0 

.0010 

10 0.00 

682 

.0027 

9 .86 1 

i 000 5 

18 9.7 

.00 10 

2 00 .0 0 

675 

. 0028 

15 .994 

.000 6 

197.0 

.0010 

3 00 .0 0 

5 19 

.00 29 

21 ,257 

.0 007 

2 0 0 .7 

.0010 

b 00 .0 0 

4 5 5 

. 00 30 

3 0 .44 8 

.0007 

204.6 

.0010 

6 0 0 .0 0 

4 02 

. 00 30 

4 2 .406 

.0 008 

2 07 .8 

.0010 

1 0 0 0 .0 0 

379 

.00 30 

4 9 .6 39 

.0 008 

2 0 9 .2 

.00 10 

1 5 00 .00 

34 0 

.00 31 

66 .112 

.0008 

2 11.4 

.0011 



R, 5.00; percent fuel. 

17.43; 0 /?, 

7.046 


1.0 5 

1 6 2 4 

0 .0006 

2.205 

0 .0000 

22.4 

O .0003 

1 .60 

14 87 

.0 007 

1.013 

.0000 

68.1 

.00 03 

2 .00 

14 19 

.0 007 

1.006 

.0000 

81 .7 

.00 03 

10.00 

996 

.0007 

2 .10 3 

.000 1 

137.3 

.00 03 

2 0.00 

8 4 8 

.0008 

3.252 

.000 1 

151.2 

.000 3 

20.41 

6 4 4 

.0006 

3.395 

.0001 

151.6 

.000 3 

4 0.00 

7 1 9 

.0008 

5.140 

.0001 

162.2 

.OO 0 3 

4 0.83 

7 1 b 

.0006 

5.312 

.000 1 

162.4 

.00 03 

8 0.00 

6 06 

. 0009 

8.226 

.000 1 

170.8 

.0003 

10 0 .00 

573 

.00 09 

9.585 

.0 002 

17 3.3 

.00 0 3 

2 00 .0 0 

4 8 0 

.0009 

15 .46 8 

.0002 

179.8 

.00 0 3 

3 00 .0 0 

4 31 

. 0009 

2 0 . 497 

.000 2 

18 3.0 

.00 03 

b 0 0 .0 0 

377 

. 00 09 

2 9 .26 2 

.0002 

186.5 

.00 03 

R 00 .0 0 

332 

.0009 

4 0 .65 3 

.0002 

18 9.3 

.00 03 

1 0 00 .0 0 

3 12 

.0009 

47 .54(1 

.0002 

190.5 

.00 0 3 

i 5 a o .oo 

2 8 0 

. 0009 

63 . 2 J. 6 

.000 2 

192.5 

.0003 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OP PRODUCTS OP REACTION AT ASSIGNED 
PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN 
[Isentropic expansion from chamber conditions.] 

(a) Continued. Chamber pressure, 300 pounds per square inch absolute 


Static 

pressure , 

P , 

lb/sq In . 
aba 

Temper - 

ature , 

T , 

°X 

Holt fraction 

He 

H2O 

■2 

OH 

°2 

NO 

H 

0 

K 





R , 0 . 80 ; peroent fuel , 47 . 01 ; 0 / F , 

.127 




TOO .00 

27 34 

0 .1 5436 

0 .57682 

0 .2 4693 

0 .01539 

0 .00 0 20 

0 .00 060 

0 .00559 




27 17 

. 1541 o 

.57795 

.24707 

.01466 

.00018 

.00056 




10 7 .50 

25 6 3 

.15227 

.58639 

.24820 

.00914 

.00 00 8 

.00029 

.00359 




25 28 

.1 5195 

.58797 

.24841 

.00810 

.00006 

.00024 

.00324 





.15 157 

.58987 

.24866 

.00603 

.00 00 4 

.00019 

.00281 





.15001 

.599 57 

.24994 

.00028 

.00 000 

.00000 

.00020 

.00000 

.00 000 

15 .00 

1 6 61 

.1 49 99 

.59994 

.24999 

.00004 

.00000 

.00000 

.00004 




16 54 

.1 4 9 99 

.5999 4 

.24999 

.00004 

.00 000 

.00000 

.00004 




14 4 9 

.15000 

.59999 

.25000 

.00000 

.00 000 

.00000 

.00000 




14 4 3 

.15000 

.599 99 

.25000 

.00000 

.00000 

.00000 

.OOOOO 

.00000 




.15000 

.60000 

.25000 

.00000 

.00 00 0 

.00000 

.00000 



5.00 

119 9 

.1 5000 

.60000 

.35000 

.00000 

.on 0 00 

.00000 

.00000 

.00000 

.00000 

1 .50 

10 33 

.15000 

.6 0 00 0 

.25000 

.00000 

.00 00 0 

.00000 

.00000 

.00000 


1.00 

94 3 

.15000 

.60000 

.25000 

.00000 

.00 000 

.00000 

.00000 

.00000 



8 3 9 

.15 00 0 

.60000 

.25000 

.00000 

.00 00 0 

.00000 

.00000 

.0 Q 0 00 


.37 


.15000 

.60000 

.25000 

.00000 

.00 00 0 

stiiii.a 


■rrr.TT.'a 


* 30 

713 

.15000 

.60000 

.25000 

.00000 

.00000 



IWTTTyi 

Jfrrfrr. T»T» a 1 


6 4 6 

.15000 


.25000 

.00000 

.00000 


■fll-ZIl 


■rirrTrrll 





R , 0 . 90 ; percent fuel , 44 . 09 ; 0/P , 1 

.268 




300 .00 

3877 

0 .09*62 

0 .6 136 4 

0 .24243 

0 . 0374 2 

0 .00 180 

0 .0 02 18 

0 .00723 

0 .00068 

0 .00000 

28 b .7 1 

28 6 2 

.09 398 

.61551 

.24268 

.03637 

.00 172 

.00209 

.00701 

.00064 


1 87 .50 

27 31 

.08877 

.63070 

.24463 

.02763 

.00 111 

.00140 

.005 39 

.00038 

.00000 

172 .33 

2704 

.08781 

.63363 

.24499 

.03597 

.00 100 

.00129 

.00497 

.00034 

.00000 

150 .00 

26 6 1 

.08630 

.63813 

.24556 

.02332 

.00 004 

.00110 

.004 4 8 

.00027 


30.00 

2135 

.07611 

.67054 

.24948 

. 00303 

.00 00 2 

.00007 

.00 0 7 4 

.00000 

.00 000 

16.00 

190 0 

.07521 

.67401 

.24988 

.00068 

.00 00 0 

.00000 

.00021 

.OOOOO 

.00000 

14.70 

189 3 

.07520 

.67 4 0 5 

.24989 

.00064 

.00 000 

.00000 

.00021 

.00000 


7.50 

1 675 

.07502 

.674 8 5 

.24998 

.00010 

.00000 

.00000 

.000 04 

•OOOOO 

.00000 

7.35 

1668 

.07502 

.67486 

.24998 

.00009 

.00000 

.00000 

.00004 

.00000 

.00 000 

3 .75 

14 67 

.075 0 0 

.67499 

.25000 

.00000 

.00000 

.00000 

.0 00 00 

.00000 

.00000 

3 .00 

14 04 

.07500 

.67499 

.25000 

.00000 

.00 000 

. 0 0000 

.00000 

.00000 

.00000 

1 .50 

12 21 

.07500 

.675 0 0 

.25000 

.00000 

.00 00 0 

.00000 

.00000 

• 000 00 


1 .00 

1 1 22 

.07500 

.67500 

.25000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

• 60 

10 06 

.07500 

.67500 

.25000 

.00000 

.00000 

. 00000 

.00000 

.00000 

.00000 

♦ 37 

907 

.07500 

.67500 

.25000 

.00000 

.00 00 0 

. 00000 

.00000 

.00000 

.00000 

.30 

86 3 

.07500 

.67500 

.25000 

.00000 

.00 00 0 

.00000 

.00000 

.00000 

.00000 

.20 

7 87 

.07500 

.67500 

.25000 

.00000 

.00 00 0 

. 00000 

.00000 

.00000 

.00000 





■ Wfilllljl mflHBHIHl vm 




■■■■■ 

300 .00 

291 3 

.0710 4 

.62334 

.23927 

.05031 

^ III 1 n 

1 1 1 ! 


mifiM 


255 .71 

289 9 

.07024 

.62544 

.23954 

.04922 

.00 4 16 

.00339 

.006 8 5 

.00115 

.00000 

172 .91 

2761 

.06229 

.64616 

.24218 

.03832 

.00 301 

.00237 

.00 497 

.00071 

.00000 

187 .50 

2774 

.06353 

.64393 

.24177 

.04004 

.00319 

.00252 

.00 525 

.00077 

.00000 

150 .00 

2709 

.0601 5 

.65171 

.24287 

.03535 

.00 270 

.00212 

.00449 

.00061 


30 .00 

20 34 

.0 4 18 5 

*6 9 9 7 0 

.2 48 58 

.00829 

.00 0 27 

.00039 

.00097 

.00004 

.00000 

15.00 

20 15 

.03870 

.70860 

.2 49 59 

. 0025 9 

.00 00 3 

.00006 

.00035 

.00000 

.00000 

14.70 

20 08 

.03864 

.708 8 4 

.24960 

.00249 

.0000 3 

.00006 

.00034 

.00000 

.00000 

7.50 

1 79 1 

.0 377 1 

.71176 

.24992 

.00051 

.00 000 

.00000 

.00009 

.00000 

.00000 

7.35 

17 8 4 

.0 377 0 

.7 1180 

.2 499 2 

.00049 

.00 000 

.00000 

.00 0 09 

.00000 

.00000 

3 .75 

1577 

.0 375 2 

.7 1 2 40 

.2 4999 

.00007 

.00 00 0 

.00000 

.00002 

.00000 


3.00 

1512 

.03751 

.7 1346 

.34999 

.00003 

.00 000 

.00000 

.00000 

.00000 

.00600 

1.50 

1321 

.03750 

.71250 

.35000 

.00000 

.00 0 00 

.00000 

.00000 

.00000 

.00000 

1 .00 

1218 

. 0 375 0 

.7 135 0 

.2 50 00 

.00000 

.00 00 0 

.00000 

.00000 

.00000 

.00000 

.60 

1096 

.03750 

.71250 

.35000 

.00000 

.00 0 00 

. 00000 

.00000 

.00000 




.0 375 0 

.7 1350 

.25000 

.00000 

.00 00 0 

.00000 

.00000 

.00000 


.30 

94 5 

.03750 

.71350 

.2 50 00 

.00000 

.00000 

.00000 

.000 00 

.00000 




.03750 

.71250 

.2 50 0 0 

.00000 

.00 00 0 

.00000 

.000 00 

.00000 

.00000 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED 
PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN 
[Isentropic expansion from chamber conditions.] 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED 
PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN 
[Isentropic expansion from chamber conditions.] 

(a) Concluded. Chamber pressure, 300 pounds per square inch absolute 


Static 

pressure, 

r, 

lb/aq in. 
aba 


Teaper- 

ature, 

T, 

°K 


h 2 


HgO 


*2 


OH 


Hole fraotlon 


02 


MO H 


o n 






R, 2.00; percent fuel, 26.19; 0/P, 2 





700 . OO 

2515 

0 .0 0 14 6 

0 .51070 

0 .17289 

0 . 050 6 3 

0 .24976 

0 .01261 

0 .00033 

0 .00171 

0 .00 00 0 

886 .71 

24 9 9 

.0 0139 

.51 176 

.17313 

.04919 

.35041 

.01229 

.000 21 

.00162 

.00000 

187 .50 

236 2 

.00085 

.52015 

.1 75 08 

.03749 

.25563 

.00970 

.0001 1 

.00099 

.00000 

17 1 .00 

23 32 

. 0 0076 

.53182 

.1 75 4 7 

.03513 

.25668 

. 009 18 

.00009 

.00088 

.00000 

150 .00 

229 0 

.00064 

.524 08 

.1 76 0 1 

.03190 

.35 8 12 

.00846 

.00007 

.00074 

.00000 

30.00 

17 6 2 

.00003 

.54155 


.00605 

.26 966 

.00226 

.00000 

.00004 

.00000 

1 S . 0 0 

1574 

.00000 

.544 1 3 


.00206 

.27157 

.00101 

.00000 

.00000 

.ooooo 

14.70 

15 66 

.ooooo 

.544 18 

.18124 

.00199 

.27160 

.00098 

.00000 

.00000 

.00 000 

7.50 

1 377 

.ooooo 

.54 51 2 


.00053 

.27237 

.00038 

.00000 

.00000 

.ooooo 

7.35 

137 1 

.00000 

.54513 

.18161 

.00051 

.27238 

.00036 

.ooooo 

.ooooo 

.ooooo 

3 .75 

EiUI 

.00000 

.5 4 5 39 

.18176 

.00010 

.272 6 4 

.00011 

.000 00. 

.00000 

.00000 


114 1 

.00000 

.54542 

.1 8 1 7 R 

.00005 

.27267 

.00007 

.00000 

.ooooo 

.00000 


98 2 

in 

. 5 4 5.4 5 

.18 18 1 

.ooooo 

.27273 

.00002 

.00000 

.00000 

.00000 


89 8 

i|i| 

.54545 

.18182 

.OOOOO 

.27272 

VI 11 Ml 

.000 0 0 

.ooooo 

.00 000 

In, 1 1 'Bf 1 1 

■fill 

Bfilil' 

.54545 

.18182 

.OOOOO 

.27273 

IMiiTliM 

.00000 

.00000 

.00000 


^E 1 TFi 

Bfiftii ifii 

.54545 

.18 18 2 

.00000 

.27273 

VITIM 

.ooooo 

.00000 

.ooooo 


VlTil 

B(Tf« ■1<| 

.54545 

.18 182 

.00000 

.27273 

nV'TTTTift 

.0 0000 

.00000 

.00000 

WKKSX. 

Kul 

KH H 

.54545 

.18182 

.00000 

.2 72 73 

VTTTT1 

.00000 

.00000 

.ooooo 


■ 




rrsvceaKi 




»H»1H 

bxu 

0 .0 001 7 

0 .4 176 9 

0 .1 3059 

0 .01754 

0 .4 18 52 

0 .0 0722 

I'Hrrni 

ranim 


| 285 .71 

2 14 6 

.0001 2 

.4 18 20 

.1 3875 

. 01673 

.4 1 R9 5 

.00695 

.000 0 1 

.00028 

.00 000 

187 .50 

20 04 

.00005 

.4 2197 

,14003 

.01072 

.4222 3 

.00489 

.0 000 0 

.00013 

.ooooo 


1969 

.00004 

.42274 

.14029 

.00948 

.42290 

.00444 

.00000 

.00010 

.ooooo 

ft V- 1 WT 1 

1929 

.0 000’' 

.42353 

.1 40 57 

.00822 

.4 2360 

.00398 

.00000 

.00008 

.00000 


14 37 

.ooooo 

.4 28 22 

.14256 

.00057 

.4 280 9 

.00055 

.000 0 0 

.00000 

.ooooo 

15.00 

1 2 36 

.0 000 0 

.4 28 50 

.1 4277 

.00011 

.42645 

.00017 

.00000 

.ooooo 

.ooooo 

14.70 

3 3 31 

.00000 

.42831 

. 14277 

.00011 

.4 2045 

.00016 

.00000 

.00000 

.00000 

7.50 

10 65 

.00000 

.42856 

.1 428 4 

.00001 

.4 2 R55 

.00004 

.00 0 00 

.00000 

.00000 

7 .35 

10 60 

.ooooo 

.428 56 

.1 4284 

.00001 

.4 28 5b 

.00004 

.00000 

.00000 

.00000 

3 .75 

912 

.00000 

.428 57 

.14285 

.00000 

.42 8 57 

. ooooo 

.00000 

.ooooo 

.00000 

3 .00 

866 

.ooooo 

.4 28 57 

.1 4286 

.00000 

.428 57 

.ooooo 

.ooooo 

.ooooo 

.00000 

1 .50 

737 

.ooooo 

.42857 

.1 4 286 

.ooooo 

.4 2 6 57 

.ooooo 

.ooooo 

.ooooo 

.00000 

1.00 

6 68 

.00000 

.42857 

.142R6 

.00000 

.4 2857 

.00000 

.00000 

.00000 

.ooooo 

. 6 0 

59 0 

.00000 

.4 20 57 

.14286 

.ooooo 

.42857 

.ooooo 

.00000 

.00000 

.00000 

. 37 

5 24 

.00000 

.4 28 57 

.1 4 286 

.ooooo 

.4 26 57 

. ooooo 

.00000 

.00000 

.00000 

. 30 

49 5 

.00000 

.42857 

.1 *266 

.ooooo 

.42857 

. ooooo 

.00000 

.00000 

.00000 

, SO 

4 46 

.00000 

.42857 

.14286 

.ooooo 

.428 57 

.00000 

.00000 

.00000 

.00000 

\mmmm 





EE3RSB 




700 . 0 0 

1875 

0 . 00 Oo 1 

0 .34989 

0 .11579 

0 .005 1 5 

LKXQH 

m.iw 

I'W'M'HI 



285 .71 

3 8 58 

.0 000 0 

.35009 

.11588 

.00481 

.52593 

. 00324 

.00000 

.00003 

.00000 

187 .50 

1717 

.ooooo 

.35144 

.11656 

.00255 

.52742 

. 00201 

.00000 

.00001 

.ooooo. 

16 6 .91 

16 8 0 

.00 00 0 

.35170 

.11671 

.00211 

.52773 

.00175 

.00000 

.00000 

.00000 

150 .00 

16 4 5 

.0 000 0 

.35191 

.1 168 3 

.00175 

.5 2 79 7 

.00153 

.00000 

-OOOOO 

.00000 

30 .00 

117 9 

.00000 

.35291 

.11759 

.00005 

.529 34 

.00011 

.00000 

.00000 

.00000 

15.00 

10 12 

.0 000 0 

.35294 

.1176 3 

.00000 

.5 2940 

. 00002 

.00000 

.00000 

.00000 

14.70 

1007 

.0000,0 

.35294 

.1 1764 

.00000 

.5 2 94 0 

.00002 

.0 00 00 

.00000 

.00000 

7 .50 

8 64 

.00000 

.35294 

.1 1765 

.00000 

.52941 

.00000 

.00000 

-OOOOO 

.00000 

7 .35 

85 9 

.00000 

.35294 

.1 1765 

.00000 

.52941 

.00000 

.000 0 0 

.00000 

.00000 

3.75 

7 33 

.00000 

.35294 

.1 1765 

.00000 

.52941 

.00000 

.00000 

.OOOOO 

.00000 

3 .OO 

69 5 

.ooooo 

.35294 

.1 1765 

.00000 

.52941 

.00000 

.00 0 00 

.00000 

.00 000 

1 .50 

58 5 

.00000 

.35394 

.11765 

.ooooo 

.52941 

.00000 

.ooooo 

.00000 

.00 000 

1.00 

528 

.ooooo 

.35294 

.1 17 65 

.00000 

.52 94 1 

.00000 

.00000 

.00000 

.00000 

. 6 0 

4 63 

.00000 

.35294 

.1 17 65 

.ooooo 

.5294 1 

.00000 

.00000 

.00000 

.00000 

. 3 7 

4 10 

.00000 

.35294 

.1 1765 

.ooooo 

.52941 

.00000 

.ooooo 

.00000 


. 30 

36 6 

.00000 

.35294 

.1 17 6 5 

.00000 

.5 2 94 1 

.00000 

.00000 

.ooooo 

.00000 

. 3 0 

347 

.00000 

.35294 

.11765 

.ooooo 

.5 294 1 

. ooooo 

.00000 

.ooooo 

.ooooo 

R, 5 . 00 ; percent fuel, 12 . 45 ; 0 /P, 7 . 04 S 


3 00 .00 

164 0 

0 .00000 

0 .399 2 9 

0 .0 99 2 7 

0 .00136 

0 .5 9 P 72 

0 .0014 7 

0 .00000 

O .00000 

0 .00 0 00 

28 b .71 

16 34 

.0 000 o 

.29928 

. 0992 ft 

.00125 

.5 96 01 

.00138 

.00000 

.00000 


187 .60 

3 491 

.00000 

.39968 

.09961 

.00055 

.5 99 40 

.00076 

.00000 

.ooooo 

.00000 

16 5 .69 

14 5 3 

.00000 

.29976 

.0 99 68 

.00042 

.5 99 52 

.00063 

.00000 



150 .00 

14 24 

.00000 

.29980 

.09972 

.00034 

.5 9960 

.00054 

.00000 

.00000 


30 .00 

10 02 

.0 000 0 

.30000 

.09999 

.00000 

.59999 

.00002 

.00 0 0 0 

.00000 

.00000 

15 .00 

85 3 

.00000 

.30000 

.1 0000 

.00000 

.60 000 

. ooooo 

.000 0 0 

.00000 

.00000 

14 .70 

8 4 9 

.0 0 00 0 

.30 OOO 

.1 0000 

.00000 

.60000 

.00000 

.00000 

.00000 

.00000 

7.50 

723 

.00000 

.30000 

.1 0000 

,00000 

.60000 

.00000 

.00000 

.00000 

.ooooo 

7 .35 

720 

.00000 

.30000 

.1 0 00 0 

.ooooo 

.60000 

.00000 

.000 0 0 

.OOOOO 

.00000 

3 .75 

610 

.00000 

.30000 

.1 0000 

.ooooo 

.60 000 

.00000 

.00 0 0 Q 

.00000 

.00000 

3 .00 

577 

.00000 

.30 000 

.10000 

.ooooo 

.60000 

.00000 

.00000 

.00000 

.00000 

1.50 

40 3 

.00000 

.30000 

.1 0 0 0 0 

. 000 00 

.60 000 

.00000 

.ooooo 

.00000 

.00000 

1 .00 

4 34 

.00000 

.30000 

.1 0 00 0 

.ooooo 

.60000 

.00000 

.00000 

.00000 

.00000 

. 6 0 

379 

.00000 

.30000 

.10000 

.00000 

.60 000 

.00000 

.ooooo 

.00000 

.ooooo 

. 37 

3 34 

.00000 

.30000 

.10000 

.ooooo 

.60 000 

. ooooo 

.00 0 00 

.00000 

.00000 

- 30 

315 

.ooooo 

.30000 

.1 0 0 0 0 

.ooooo 

.60 000 

.00000 

.00 Q 00 

.00000 


. 2 0 

2 8 2 

.0000 0 

.30000 

.1 00 00 

.00000 

.6 0 000 

.00000 

.00 0 00 

.ooooo 

.00000 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED 
PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN 
[Isentroplc expansion from chamber conditions.] 


(b) Chamber pressure, 600 pounds per square Inch absolute 


Static 

prnsure, 

P, 

lb/sq in. 
abn 

Temper- 

ature, 

OK 

Mole fraction ~ ! 

h 2 

HgO 

»2 

OH 

“a 

HO 

H 

0 

N 





ft. 0.40; peroent fuel, 63 . 95 j 6/P , 0 

.564 




TOO .00 

134 9 

0 .4 500 0 

0 .30 000 

0 .2 50 00 

0 .000 00 

0 .0 0 0 00 

0 .000 00 

0 .00000 

0 .00000 

0 .00 000 

28 5 . 71 

3 3 34 

.4 5 00 0 

.30000 

.25000 

.00000 

.ooooo 

.00000 

.00000 

.00000 

.00000 

187 .50 

1210 

.45000 

.30 0 00 

.25000 

.00000 

.00000 

. OOOOO 

.00000 

.00000 

.00000 

16 3 .21 

117 1 

.4 500 0 

.30 0 00 

.25000 

.00000 

.00 000 

, ooooo 

.00000 

.00000 

.00000 

150 .00 

114 0 

.45000 

.30000 

.25000 

.00000 

.00 000 

.00000 

.00000 

.00000 

.00000 

30 .00 

772 

. 4 500 Q 

.30000 

.25000 

.ooooo 

.00 000 

.00000 

.ooooo 

.00000 

.00000 

15 .00 

6 46 

.4 500 0 

.30 000 

.25000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

14.70 

6 4 3 

.4 600 0 

.30 000 

.25000 

.00000 

.ooooo 

. ooooo 

.00000 

.00000 

.00000 

7.50 

5 30 

.45000 

.30 000 

.25000 

.ooooo 

.ooooo 

. ooooo 

.00000 

.00000 

.00000 

7,35 

5 35 

.45000 

.30000 

.25000 

.00000 

.ooooo 

.ooooo 

.00000 

.00000 

.00000 

3 .75 

4 4 7 

.4 500 0 

.30000 

.35000 

« .ooooo 

.ooooo 

. ooooo 

.00000 

.00000 

.00000 

3.00 

4 21 

.45000 

.30000 

.25000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

1 .50 

3 4 9 

.4 500 0 

.30000 

.25000 

.ooooo 

.00 Ooo 

. ooooo 

.00000 

.00000 

.00000 

1.00 

312 

,45000 

.30000 

.25000 

.00000 

.00 ooo 

. ooooo 

.00000 

.00000 

.00000 

. 6 0 

2 7 1 

. 4 500 0 

.30000 

.3 50 00 

.00000 

.00 0 00 

. ooooo 

.00000 

.00000 

.ooooo 

'• 37 

2 38 

.45000 

.30000 

.25000 

.ooooo 

.00 000 

. ooooo 

.00000 

.00000 

.00000 

. 3 0 

3 34 

.45000 

.30000 

.25000 

.ooooo 

.00 QQO 

.00000 

.00000 

.00000 

.00000 

1 30 

300 

.4 5000 

.30000 

.25000 

.ooooo 

.00 Ooo 

. ooooo 

.00 0 00 

.ooooo 

.00000 

R, 0.56; percent fuel, c 

8.67; S/f, 4 

77BB - 




300 .00 

17 84 

0 .37 4 97 

0 .37498 

0 .3 4 9 99 

0 .00001 

0 .ooooo 

0 .00000 

0 .00004 

0 .ooooo 

0 .00000 

285 . 71 

3 7 66 

.37498 

.37 4 98 

.34999 

.00001 

.00 Q00 

. ooooo 

.000 0 4 

.00000 

.00000 

187 .50 

1617 

.37499 

.37499 

.25000 

. ooooo 

.ooooo 

.00000 

.0000 1 

.00000 

.00000 

165 ,20 

3 574 

.375 0 0 

.37500 

.2 50 0 0 

. ooooo 

.00000 

.ooooo 

.000 0 0 

.00000 

.00000 

150 .00 

15 4 2 

.37500 

.37500 

.35000 

. ooooo 

.00 000 

. ooooo 

.00000 

.00000 

.00000 

30.00 

1075 

.37500 

.37500 

.3 50 0 0 

.ooooo 

.00 QOO 

.00000 

.000 0 0 

.00000 

.00000 

15.00 

911 

.37500 

.37500 

.25000 

. 000 00 

.00 ooo 

. ooooo 

.000 0 0 

.00000 

.00000 

14.70 

906 

.37500 

.37300 

.25000 

. ooooo 

.00 ooo 

.ooooo 

.ooooo 

.00000 

.00000 

7 .50 

7 60 

.37500 

.37500 

.35000 

.ooooo 

.oo Ooo 

. ooooo 

.00000 

.ooooo 

.OOOOO 

7.35 

764 

.3750 0 

.375 0 0 

.25000 

.00000 

■ OOOOO 

. ooooo 

.00000 

.00000 

.0000 0 

3 .75 

6 44 

.37500 

.37500 

.35000 

. ooooo 

.0 0 00 0 

. ooooo 

.ooooo 

.00000 

.00000 

3 .00 

608 

.37500 

.37500 

.25000 

. ooooo 

.00 QOO 

. ooooo 

.ooooo 

.00000 

.00000 

1 .50 

508 

.3750Q 

.37500 

.25000 

.ooooo 

.ooOoo 

. ooooo 

.00000 

.ooooo 

.00000 

1 .00 

4 56 

.37500 

.37500 

.25000 

.ooooo 

.0 o Ooo 

. ooooo 

.ooooo 

.ooooo 

.00000 

. 6 0 

39 8 

.37500 

.37500 

.25000 

. ooooo 

.00 000 

.ooooo 

.00000 

.ooooo 

.00000 

. 37 

3 51 

.37500 

.37500 

.36000 

.ooooo 

.00000 

. ooooo 

.00000 

.ooooo 

.00000 

. 30 

330 

.375 0 o 

. 37S 0 0 

.35000 

.ooooo 

• ooOOo 

.00000 

.ooooo 

.00000 

.00000 

. 2 0 

296 

.37300 

.37500 

.35000 

.ooooo 

.00 000 

. ooooo 

.00000 

.00000 

. 00 ooo 





R, 0.60; percent fuel, 54.19; 0^7, 0 

.045 




300 .00 

2169 

0 .2997 6 

0 .4.93? 

0 .2 4 9 87 

0 .000 4 1 

0 .ooooo 

0 .ooooo 

0 .00057 

o .ooooo 

0 .00 ooo 

285 .71 

0 14 9 

.29970 

.4494 3 

.34909 

.00037 

.00 poo 

.00000 

.000 53 

.ooooo 

.00 ooo 

187 .50 

198 2 

.29990 

.4 4 97 9 

.34996 

.00013 

.ooooo 

.00000 

.00022 

.ooooo 

.ooooo 

166 .7 3 

1 937 

.29992 

.4 4 9 8 5 

.34997 

. 000 09 

.0 0 0 0.0 

.00000 

.00017 

.ooooo 

.ooooo 

150 .00 

1897 

.299 94 

.4 4 9 0 8 

.24997 

.00007 

.00 00 0 

.00000 

*000 1 3 

.ooooo 

.ooooo 

30 .00 

3 3 61 

.30000 

.45000 

.25000 

.ooooo 

.0 0 0 50 

.00000 

.0 0000 

.00000 

.00000 

15.00 

1169 

.30000 

.45000 

.25000 

.ooooo 

.00 ooo 

.00000 

.00000 

.00000 

.00000 

14.70 

1 1 64 

.30000 

.45000 

.25000 

*. 00000 

.00 0 00 

. oooao 

.00000 

.ooooo 

.00000 

7.50 

998 

.30000 

.45 00 0 

.25000 

.ooooo 

. on poo 

.00000 

.ooooo 

.ooooo 

. 00 QQO 

7.35 

99 3 

. 3000 0 

.4 5 00 0 

.25000 

.00000 

.00 QOO 

. ooooo 

.00000 

.ooooo 

.00000 

3 .75 

8 47 

.30000 

.45000 

.25000 

.ooooo 

.00 000 

.ooooo 

.00000 

.00000 

.00000 

3 .00 

803 

.30000 

.45000 

.35000 

. ooooo 

.00 000 

.00000 

.00000 

.00000 

.00000 

1 .50 

6 76 

. 3 000 0 

.45000 

.25000 

.ooooo 

.ooooo 

. ooooo 

.00000 

.ooooo 

.00000 

1.00 

61 1 

.30000 

.45000 

.25000 

.ooooo 

.ooooo 

.ooooo 

.00000 

.00000 

.00000 

. 60 

5 36 

.30000 

.45000 

.35000 

.ooooo 

.00 000 

. ooooo 

.00000 

.00000 

.00000 

. 37 

4 74 

. 3000 0 

.4 5 000 

.25000 

.ooooo 

.00 000 

.00000 

.00000 

.00000 

.00000 

. 3 0 

4 4 7 

.30000 

.45000 

.35000 

.ooooo 

.00000 

. ooooo 

.00000 

.00000 

.00000 

. 30 

4 0 2 

.30000 

.4 5 000 

.25000 

.ooooo 

.00 00 0 

.00000 

.ooooo 

.ooooo 

.00 ooo 





R, O.W; percent fuel, 50.34 ; 0/P, 0 

.986 




300 .00 

34 9 4 

0 .22497 

0 .51949 

0 .2 49 1 6 

0 .00373 

0 .0 0 0.0 0 

0.00009 

0 .00256 

0 .ooooo 

0 .00000 

205 .71 

24 7 4 

.22495 

.51989 

.24982 

.00344 

.ooooo 

. 00008 

.00340 

.00000 

.00000 

10 7 .50 

3 30 5 

.82487 

.53252 

.2 4961 

.00165 

.OOOOO 

.00003 

.00131 

.00000 

.00000 

16 8 .33 

3262 

.224e? 

.52398 

,24960 

.00134 

.00 000 

.00002 

.00 1 1 1 

.ooooo 

.00000 

150 .00 

3216 

.32487 

.52339 

.34974 

.00107 

.00 ooo 

.00002 

.00091 

.00000 

.00000 

30 .00 

3 6 33 

.32499 

.52 49 8 

.35000 

. 0 0 0 0 1 

.00000 

.00000 

.00003 

.00000 

.00000 

15.00 

14 18 

.32500 

.53500 

.25000 

.ooooo 

.00 000 

. ooooo 

.00000 

.00000 

.00 ooo 

14.70 

3 4 12 

.82500 

.53500 

.2 50 00 

.ooooo 

. 0 0 0 Q 0 

. ooooo 

.00000 

.00000 

.00000 

7.50 

12 8 5 

.22500 

.5 3 500 

.35000 

.ooooo 

.000 00 

.00000 

.00000 

.00000 

.00000 

7.35 

1319 

.23500 

.53500 

.25000 

.ooooo 

.00 000 

.00000 

.00000 

.00000 

.ooooo 

3 .75 

10 5 2 

.22500 

.53500 

.25000 

.ooooo 

.00 000 

.00000 

.00000 

.ooooo 

.00000 

3 .00 

1000 

.22500 

.58500 

,35000 

. ooooo 

.ooooo 

. OQOOO 

.ooooo 

.00000 

.00000 

1.50 


.22500 

.52500 

.35000 

■ ! ? 

.ooooo 


SffEa! 9 

.ooooo 

*00000 



.22500 

.535 00 

.35000 

■ • 1 ~ 




.00000 

.00000 



.22500 

.58500 

.35000 

■ r* «* 



■ - ; 1 • 1 

.ooooo 

.00000 



.22500 

.53500 

.35000 


■fllTTl 


■ • • . 1 

.ooooo 

.00000 



.22500 

.5 2 5 00 

■njxx.li 

S' I - i^H 



■ 1 

.ooooo 

.00000 

HU 

ED 

.32500 

.52500 

.35000 

■lull 




.00000 

,00000 


T 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED 
PRESSURES FOR LIQUID AMMONIA AND LIQUID OXYGEN 
(isentropic expansion from chamber conditions.] 


(b) Continued. Chamber pressure, 600 pounds per square inch absolute 


Static 

pressure, 

' P, 

lfc/sq in. 
abs 

Temper- 

ature, 

T, 

OK 

Kola fraotion 

s 2 

BjjQ 

*2 

OH 

o B ■ 

HO 

H 

0 

N 





H, l.OOj percent fuel, 41.51; 0/P , ] 

.409 




6 00 . 0 0 

298 0 

0 . 040 1 1 

0 .63890 

0 .33674 

0 . 0 567 3 

0 . 0 0 7 

0 .00513 

0 .005 0 8 

0 .00145 

0 .00000 

57 1 .4 3 

2965 

.04736 

.6 4 0 98 

.23701 

.05568 

• 00 7 7X 

.00500 

.004 9 2 

.00140 

.00000 

37 b .00 

28 36 

.0401 0 

.65839 

,3392a 

.04685 

.00 67 6 

. 0039ft 

.00 36 6 

.00101 

.OOOOQ 

3 4b .69 

201 3 

.03076 

.6 6 1 6 4 

.23967 

.04519 

.0065? 

. 00379 

.003 4 4 

.00094 

.00 OOO 

j!o o .qo 

27 68 

.03644 

.6 6 7 2 1 

.34037 

.04234 

.00 SZ* 

.00349 

.00300 

.00063 

.00000 

,6 0 .00 

229 7 

.01401 

.71953 

.2 46 65 

.01538 

• oosfs 

.00104 

.00056 

.00012 

.00000 

TO .00 

309 4 

.00745 

.73413 

.34829 

.00788 

.00 154 

.00050 

.00016 

.00004 

.00000 

39 .39 

20 8 8 

.00730 

.7 3 4 47 

.24833 

.00770 

.00 1 SI 

.00048 

.00017 

.00003 

.00000 

t 5 . 0 O 

10 8 8 

.00324 

.74326 

.24929 

.00325 

.00072 

.00019 

.000 0 4 

.00000 

.00000 

14.? 0 

10 8 2 

,00315 

.74345 

.24931 

.00315 

.ooo7:o 

. 00019 

.00004 

.00000 

.00000 

7.50 

16 8 4 

.00109 

.7 4 77 9 

.24977 

.00103 

.00 026 

.00006 

.00000 

.00000 

.ooooo 

6.00 

1619 

.00072 

.7 4 0 5 5 

.24985 

.00066 

.00 0 I S 

.00004 

.00000 

.00000 

.00000 

3.00 

14 2 5 

.0001 6 

.74968 

.3 4 9 97 

.00013 

.00 00* 

.00000 

.00000 

.ooooo 

.00000 

2 .00 

1318 

.00006 

.7 49 89 

.24999 

.00004 

•onoo 2 

.00000 

.00000 

.00000 

.00 OOO 

1.30 

119 1 

.00001 

.74998 

.25000 

.00000 

■ oo ooS 

.00000 

.00000 

.00000 

. 00 OQQ 

. 75 

10 8 2 

.00000 

.7 4 99 9 

.25000 

.00000 

.oo o da. 

.00000 

.00000 

.ooooo 

.00000 

. 6 0 

10 32 

.00000 

.75000 

.25000 

. 00000 

.00 00 0 

. 00000 

.00000 

.00000 

.00000 

• 4 0 

947 

.00000 

.75000 

.25000 

.00000 

.ooootj 

. 00000 

.00000 

.ooooo 

.00000 





R, 1.10; p.rotnt. fuel, S9.22; 0/T, 1 

.550 




6 .0 0 .00 

29 6 3 

0 .02 527 

0 .6 3 45 3 

0 .236 26 

0 ,0 72 66 

0 .0 2 4 66 

0 .0 067 3 

0 .00347 

0 .00242 

0 .00000 

5 7 1 .43 

294 6 

.02457 

. 6 3 64 4 

.22853 

.07151 

.02471 

.00857 

.00334 

.00234 

.00000 

375 .00 

201 2 

.01063 

.6 53 34 

.2 3070 

. 061 66 

.02519 

.00730 

.002 3 1 

.00177 

.00000 

345 .11 

2786 

.01777 

.65530 

.23110 

.05975 

.02 5 31 

. 0 0706 

.002 1 3 

.00167 

.00000 

3 0 0 .00 

37 4 2 

.01606 

.66007 

.33177 

,05653 

.025 5J5 

.00668 

.00 1 ft 6 

.00151 

.00000 

60 .00 

324 5 

.0030.1 

.7 0 3 57 

.3 3760 

.03334 

.02993 

.00304 

.00020 

.00030 

. 00 OOO 

3 0 .QO 

30 31' 

.0 010 1 

.7 126 3 

.23909 

.01394 

.0323V 

.00190 

.00 00 4 

.OOO 1 1 

.00000 

39.39 

3024 

.00097 

.7 128 5 

.2 39 1 3 

.01368 

.032 35 

.00107 

.00004 

.00010 

. ooooo 

'15 .00 

1019 

.00025 

.71846 

.24004 

.00599 

.0341* 

.00105 

.00000 

.00003 

.00000 

14.70 

1 813 

.00024 

.7 18 58 

.2 40 07 

.00583 

.034 22 

.00103 

.00000 

.00003 

.00000 

7.50 

1615 

.00004 

.7 2133 

.24057 

.00223 

.03534 

.00050 

.00000 

.00000 

.00000 

<5 .do 

1551 

.00002 

.72181 

.2406ft 

,00154 

.0 35 57 

.00038 

.00000 

•OOOOO 

.00000 

3 .00 

1 3 63’ 

. 0 OOO 0 

.7 32 61 

.34087 

.00041 

.0359^ 

.00014 

.ooooo 

.00000 

.00000 

2 .00 

1258 

.00000 

.72378 

.24092 

.00016 

.03607 

. 00007 

.00000 

.00000 

.00000 

3.30 

1134 

.00000 

.7 3 286 

.24095 

.00004 

.03 6 1? 

.00003 

.00000 

.ooooo 

.00000 

« 7 5 

1 0 28 

.00000 

.7 2 388 

.24096 

.00001 

.03614 

. 00001 

.00000 

-OOOOO 

.00000 

. 6 0 

98 0 

.0 000 0 

.7 2 20 9 

.2 4 0 96 

.00000 

.03 614 

. OOOOQ 

.00 0 00 

.00000 

.00000 

. 4 0 

89 8 

.0 000 0 

.7 2 289 

.24096 

.00000 

.0 3 614 

.00000 

.00000 

.00000 

.00000 

R, 1.20) peroent fuel. 

7.1S| 0/R,' I 

.691 




6 0 0 .00 

2914 

0 .01405 

0 .63178 

0 .21980 

0 .077 89 

0 .04 905 

D . 0 1 1 38 

0 .00 3 29 

0 .00287 

0 .00 OOO 

57 1 .43 

8ft 9 8 

.01436 

.63347 

.22014 

. 07 6 57 

.04932 

.01118 

.003 1 9 

.00270 

.00000 

3 .7 5 .00 

27 6 1 

.01049 

.63735 

.22229 

.06522 

.05161 

.00954 

.00 1 4 4 

.00207 

.00000 

3 '4 4 .53 

27 3 3 

.00960 

.6 39 98 

.22269 

. 062 9 6 

.0521* 

.00922 

.00131 

.00194 

.00000 

300 .00 

26 8 9 

.00872 

.6 4 4 1 6 

.22334 

.05930 

.ossob 

.00672 

.00 1 1.2 

.00174 

.ooooo 

60 . Q 0 

218 2 

.0 0 13d 

.68059 

.2291 ft 

. 033 2 8 

.06244 

.00376 

.00009 

.00030 

.00000 

?0 .00 

1 9 68 

.00041 

.689 17 

.2 3 069 

.01168 

.065 ojr 

.00224 

.00002 

.00009 

.ooooo 

? * , i » 

19 6 2 

.00 04 1 

.68936 

.23073 

.01143 

.0 65 75 

.00230 

.00002 

.00009 

.00000 

15.00 

1758 

.0 0 01 0 

.69412 

.23166 

.00507 

.06786 

.00118 

.00000 

.00002 

.00000 

14.70 

17 52 

.0 0000 

.69423 

.23168 

.00493 

.06790 

.00116 

.00000 

.00002 

.00000 

7.50 

1 5 56 

.00001 

.696 4 7 

.23219 

.00175 

. 0 6 9 0 .4 

.00063 

.00000 

.00000 

.00000 

6.00 

14 9 4 

. 0 000 Q 

.69 687 

.23329 

.00118 

.0 6 9 2* 

. P 004 0 

.00000 

.00000 

.00000 

'3.00 

130 0 

.00000 

. .6 97 4 0 

.23247 

,0002ft 

.06962 

.00014 

.00 000 

.00000 

.00000 

■ 3.00 

12 06 

.0 000 0 

.69760 

.23252 

.00011 

.06970 

.00007 

.00 0 00 

.00000 

.ooooo 

1 .30 

108 6 

.oonoo 

.6 97 6 6 

.23254 

.00003 

.06975 

. 0 0003 

.00000 

.ooooo 

.00000 

.7 5 

90 3 

.00000 

.6 97 67 

.33255 

.00000 

.0697)5 

.00000 

.00000 

.00000 

.OOOOQ 

.60 

9 3.7_ 

.00000 

.69767 

.23256 

. 00 o 0 Q 

.0 6 976 

.00000 

.00000 

.00000 

.OOOOO 

. 4 0 

856 

.00000 

.6 97 67 

.23256 

.00000 

.06 97? 

. 00000 

.00 0 00 

.00000 

.00000 


- 


_ ; - 

. R , 1.60; peroent fuel. 

2. IS) 0 /?, 2 

.114 




6 0 0 .00 

27 5 9 

0 .0 0 47 0 

0 .5 7 8 07 

0 .1 9880 

0 .0 695 6 

0 . 1 3 1 1_S 

0 .01436 

0 .00076 

0 .00 2 59 

0 .00 000 

57 1 .43 

274 3 

.00451 

.579 4 0 

.19906 

.06005 

.13171 

.01407 

.00 0 71 

.00249 

.00000 

3 75 .00 

260 3 

.00307 

.5 9 017 

.20123 

.05537 

.13 64 1 

.01163 

.000 42 

.00171 

.ooooo 

3 4 3 . 4 4 

25 7 4 

.0026 1 

.S 9 336 

.2 0165 

.05283 

.13 7 36 

.01114 

.00038 

.00167 

.00 OOO 

300 .00 

2530 

. 0 034 5 

.59538 

. 2 0329 

.04901 

.13 87 0 

.01042 

.000 31 

.00137 

.00000 

60 .00 

20 17 

.00026 

.62180 

.20789 

.01414 

.15 19 8 

. 00370 

.00001 

.00015 

.00000 

30.00 

3 80 3 

.00006 

.62733 

.20920 

.00631 

.1559 5 

.00198 

.00000 

.00003 

.00000 

2 9.39 

17 97 

.00006 

.6 274 5 

.30922 

.00615 

.15 515 

.00194 

.00000 

.00003 

.00000 

15 .00 

1595 

.00001 

.63008 

.30995 

.00236 

.16679 

.00091 

.00000 

.00000 

.00 OOO 

14.70 

1 59 1 

.00000 

.6 30 1 3 

.3 0997 

.00216 

.1569* 

.00089 

.00000 

.00000 

.00000 

' ? .50 

14 0 1 

.0 000 0 

.63117 

.31032 

.00062 

.16754 

.00035 

.00000 

.00000 

.00 OOO 

6 .00 

1341 

.00000 

.63133 

.21038 

,0003ft 

.15 765. 

.00025 

.00000 

.00000 

.00000 

3 .00 

1166 

.0 000 0 

-.63153 

.2 104 9 

.00007 

.15 784 

.00007 

.00000 

.00000 

.oo ooa 

2 .00 

107 1 

.00000 

.6 3 157 

.2 105 1 

.00002 

.15787 

.00003 

.00000 

.00000 

.00000 

1 .20 

959 

.00000 

.63158 

.21053 

.00000 

.15789 

.00000 

.00000 

.00000 

.00000 

.7 5 

86 5 

.00000 

.63158 

.21052 

.00000 

.16789 

.00000 

.00000 

.ooooo 

.oo ooa 

-60 

822 

.00000 

.63158 

.21053 

.00000 

.15789 

.00000 

.ooooo 

.00000 

.ooooo 

.40 

7 4 9 

.00000 

.63158 

.21053 

.00000 

. 1 5' 7 8 9 

.00000 

.000 0 0 

.00000 

.00000 
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TABLE IV. - Concluded. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED 
P RES SURES FOR LIQUID AMMONIA AND LIQUID OXYGEN 
[Isentropic expansion from chamber conditions.] 


(b) Concluded. Chamber pressure, 600 pounds per square Inch absolute 


Static 

pressure, 

r, 

lb/sq in. 

abs 

reaper- 

Mole fraction 


ature, 

T, 

°I 

h 2 

^0 

«2 

OH 

°2 

NO 

u 

0 

H 






R, 2.00; percent fuel, 25.19; 0/P, 2 

818 





25 36 

0 .00114 

0 

.51475 

0 .1 7297 

0 . 045 1 6 

0 .25 138 

0 .01310 

0 .000 15 

0 .00 134 

0 .00 000 


25 19 

.00108 


.5 1 57 1 

.1 7 32 1 

. 043 8 3 

.35200 

.01276 

.00014 

.00127 

.00000 

77 6 .00 

2377 

.00065 


.52330 

.17517 

.03307 

.25696 

.01001 

.00007 

.00076 

.00000 





.5248 3 

.1 7557 

.03089 

.25796 

.00944 

.000 06 

.00067 

.00000 


2 302 

.00048 


.52684 

.17610 

.02798 

.25930 

.00869 

.00 0 0 5 

.00056 


6 0.00 

178 3 

.00002 


.54217 

.18 045 

.00510 

.2 6 99 7 

.00226 

.00 0 00 

.00003 

.00000 

30.00 

15 7 2 

-.00000 


.5 4 4 36 

.18 124 

.00172 

.27160 

.00100 

.00000 

.00000 

.00000 


15 66 

.00000 


.54440 

.18 12 6 

.00165 

.27171 

.00097 

.00 000 

.ooooo 



137 4 

.00000 


.54518 

.1816 1 

.00044 

.2 72 40 

.00037 

.00000 

.ooooo 

.00000 


13 6 9 



.5 4519 

.1 816 2 

.000*2 

.2724 1 

.00036 

•OOOOO 

.00000 

.ooooo 


119 3 

.0 000 0 


.54540 

.18176 

.00008 

.2 726 5 

.00011 

.00000 

.00000 

.00000 

6.00 

1138 

.00000 


.54 54 3 

.18 17 0 

.00004 

.27268 

. 00007 

.00 OOO 

.00000 

.00000 





.54545 

.18 18 1 

.00000 

.272 72 

.00002 

.00000 

.ooooo 

.00000 





.5454 5 

.18 18 2 

.00000 

.27272 

.00000 

.000 0 0 

.00000 

.00000 


7 97 



.54545 

.18 18 2 

.ooooo 

.27273 

.00000 

.00000 

.00000 

.00000 





.54 54 5 

.18182 

.00000 

.27273 

.00000 

.000 00 

.00000 






.54545 

.18 16 2 

.00000 

.37273 

.00000 

.00000 

.00000 


. 4 0 

614 

.00000 


.5454 5 

.18 16 3 

.ooooo 

.2727 3 

.00000 

.00000 

.00000 

.00000 






R, 3.00; percent fuel, 19.13; 0/P , 4 

.227 






0 .0001 0 

0 

.4 19 17 

0 .1 3861 

0 .01521 

0 .4 19 32 

0 .00736 

0 .00000 

0 .00023 

0 .00 000 





.41963 

.1 3678 

.01449 

.41973 

.00709 

.ooooo 

.00021 

.00 OOO 


20 0 8 

.00004 


.42291 

.14004 

.00920 

.42275 

.00*95 

.00000 

.00009 


3 37 .20 

1 97 2 

.0 000 3 


.42359 

.14031 

.00812 

.4 23 38 

.004*9 

.00000 




19 3 3 



.42426 

.1 405 9 

.00703 

.4 24 02 

. 00402 

.ooooo 

.00006 


60 .00 

14 26 

.0 OOO 0 


.4 28 28 

.1 4257 

.00048 

.4 2813 

. 0005 5 

.00000 

.ooooo 

.ooooo 


12 35 

.00000 


.42852 

.14277 

.00009 

.4 28 45 

.00017 

.00 00 0 

.00000 

.00000 

26.39 

12 30 

.00000 


.428 52 

.1 4 277 

.00009 

.4 2846 

.00016 

.00000 

.00000 

.00000 


10 64 

.00000 


.4 28 56 

.1 4 204 

.00001 

.4 28 55 

.00004 

.00000 

.00000 

.ooooo 


10 59 

.00000 


.428 56 

.1 4284 

.00001 

.4 2855 

.00004 

.0000 0 

.ooooo 

.ooooo 

7 .50 

911 

.00000 


.428 57 

.1 4 285 

.ooooo 

.42857 

. OOOOO 

.00000 

.ooooo 


6 .00 

866 

.OOOO 0 


.4 2657 

.1 4286 

.OOOOO 

.42857 

.OOOOO 

.00000 

.00000 

.00000 

3 .00 

7 36 



.42857 

.14286 

.ooooo 

.4 2857 

.OOOOO 

.00000 

.ooooo 

.ooooo 



.0 OOO 0 


.4 28 57 

.1 4 2 86 

.00000 

.42857 

.ooooo 

.00000 

.00000 

.00000 





.42857 

.14206 

.ooooo 

.4 28 57 

.00000 

.ooooo 

-OOOOO 

.ooooo 


5 24 

.00000 


.4 28 57 

.14286 

.00000 

.4 2857 

.ooooo 

.ooooo 

.00000 

.00000 


4 9 5 



.428 57 

.14206 

.00000 

.4 2 0 57 

.ooooo 

.00000 

.00000 

.ooooo 

. 4 0 

446 

. 0 OOO 0 


.42057 

.14286 

.00000 

.4 28 57 

.00000 

.00000 

.00000 

.00000 





R, 4.00; peroent fuel, 15.07; 0/P, 5 

.636 



1877 

0 .OOOO 0 

0 

.35035 

0 .11580 

0 .004 38 

0 .5 26 00 

0 .00344 

O .00000 

0 .000 0 3 

0 .00 00 0 


18 61 

.0 OOO o 


.35052 

.11589 

.00409 

.52620 

.00327 

.0 0 0 00 

.00002 

.00080 

376 .00 

1719 

.00000 


.35167 

.1 16 57 

.00316 

.52757 

.00202 

.00000 

.00000 


3 3 3 .68 

16 8 0 

.00000 


.3 5189 

.1 1672 

.00178 

.5 3785 

.00175 

.00000 

. 0 0 0 00 

.00000 


1 6 46 

.00000 


.35207 

.1 168 4 

.00140 

.52808 

.00153 

.00000 

.00000 


60.00 

1179 

.00000 


.35292 

.11759 

.00004 

.5 29 34 

.00011 

.00000 

.00000 

.ooooo 


1012 

.0 0 00 0 


.35294 

.1 17 6 3 

.00000 

.5 39 40 

.00002 

.00000 

.ooooo 

.00 000 


10 07 

.00000 


.35294 

.11764 

.00000 

.52940 

.00002 

.00000 

.00000 

.ooooo 
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.35294 
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.ooooo 

.52941 

.00000 

.00 0 00 
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14.70 
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.00000 


.35294 

.1 1765 

.00000 

.5294 1 
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.00 OOO 
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.40 

347 

.00000 
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.ooooo 

.5 294 1 

. ooooo 
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.ooooo 
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164 1 

0 .0 000 0 

0 

.299 34 

0 .0 99 24 

0 .00115 

0 .59880 

0 .00147 

0 .00000 

0 *.000 00 

0 .00 000 

5 71 .43 

16 2 5 

.00000 


.299 3 9 

,09928 

.00105 

.59889 

.00138 

.00000 

.ooooo 

.00000 

375 .00 

149 1 

.00000 


.2997 3 

.0 99 61 

.00046 

.5 9 94 4 

.00076 

.ooooo 

.ooooo 

.ooooo 

3 31 .33 

14 54 
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.299 7 9 

.0 99 68 

.00036 

.59954 
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.00000 

.00000 


14 24 

.00000 


.299 8 4 

.09972 

,00029 

.5 996 2 

.00054 

.00000 

.ooooo 
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10 0 1 

.00000 
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.00000 
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. 00002 
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.ooooo 
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.00000 
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.ooooo 
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TABLE V. - SUMMARY OP COMBUSTION PARAMETERS, CHARACTERISTIC VELOCITY, AND PERFORMANCE FOR 05 

to 

EXPANSION TO SEA LEVEL FOR LIQUID AMMONIA WITH LIQUID OXYGEN 


Equiv- 

alence 

ratio, 

2(oJ/H 

Fuel, 

percent 

by 

weight 

Oxldant- 

to-fuel 

weight 

ratio, 

0/F 

Combus- 

tion 

temper- 

ature, 

T c » 

°K 

Exit 

temper- 

ature, 

T e> 

°K 

Charac- 

teristic 

velocity, 

ft/sec 

Charac- 
teristic- 
velocity 
exponent , 

n c* 

Entropy, 

e, 

cal 

(g)(°K) 

Area 

ratio, 

E 

Coeffi- 

cient 

of 

thrust, 

C F 

Specific 

impulse, 

(lb)tsec) 

lb 

Chamber pressure, 300 pounds per Bquare inoh absolute; equilibrium composition 

0.40 

63.95 

0.564 

1349 

643 

4509 

0.0000 

3.5155 

3.133 

1.384 

193.9 

.50 

58.67 

.705 

17B4 

906 

5016 

.0000 

3.4925 

3.261 

1.390 

216.8 

.60 

54.19 

.645 

2169 

1164 

5358 

.0000 

3.4355 

3.376 

1.396 

232.5 

.70 

50.34 

.986 

2494 

1412 

5595 

.0003 

3.3653 

3.478 

1.401 

243.6 

.80 

47.01 

1.127 

2734 

1654 

5744 

.0023 

3.2910 

3.594 

1.407 

251.2 

.90 

44.09 

1.268 

2877 

1893 

5799 

.0057 

3.2170 

3,757 

1.418 

255.5 

.95 

42.76 

1.339 

2913 

2006 

5790 

.0070 

3.1809 

3,863 

1.424 

256.3 

1.00 

41.51 

1.409 

2928 

2083 

5759 

.0075 

3.1454 

3.945 

1.428 

255.6 

1.10 

39.22 

1.550 

2913 

2023 

5656 

.0067 

3.0773 

3.892 

1.425 

250.5 

1.20 

37.16 

1.691 

2871 

1962 

5542 

.0058 

3.0134 

3.861 

1.423 

245.1 

1.50 

32.12 

2.114 

2728 

1798 

5238 

.0044 

2.8478 

3.786 

1.419 

231.0 

2.00 

26.19 

2.816 

2515 

1568 

4840 

.0028 

2.6410 

3.663 

1.412 

212.4 

3.00 

19.13 

4.227 

2163 

1251 

4261 

.0008 

2.3763 

3.476 

1.401 

185.5 

4.00 

15.07 

5.636 

1875 

1007 

3837 

.0001 

2.2111 

3.368 

1.395 

166.4 

5.00 

12.43 

7.046 

1640 

849 

3510 

.0000 

2.0954 

3.301 

1 .322 

151.9 

Chamber pressure, 300 pounds per square Inch absolute; frozen composition 

0,40 

63.95 

0.564 

1349 

643 

4509 

0.0000 

3.5155 

3.133 

1.384 

193.9 

.50 

58.67 

.705 

1784 

906 

5015 

.0003 

3.4925 

3.261 

1.390 

216.8 

.60 

54.19 

.845 

2169 

1160 

5351 

.0005 

3.4355 

3.37 3 

1.396 

232.2 

.70 

50.34 

.986 

2494 

1365 

5564 

.0023 

3.3653 

3.460 

1.401 

242.3 

.80 

47.01 

1.127 

2734 

1557 

5669 

.0056 

3.2910 

3.519 

1.404 

247.4 

.90 

44.09 

1.268 

2877 

1662 

5685 

.0086 

3.2170 

3.553 

1.406 

248.4 

.95 

42.76 

1.339 

2913 

1689 

5665 

.0096 

3.1809 

3.561 

1.406 

247.6 

i .vU 

.bX 

J. 

2928 

X IKJ\J 

^DOl 

,vXUU 

5 .i»b4 

o • ooa 

J. . 4VU 

£.*±0 m ± 

1.10 

39.22 

1.550 

2913 

1691 

5536 

.0094 

3.0773 

3.564 

1.406 

241.9 

1.20 

57.16 

1.691 

2871 

1662 

5429 

.0085 

3.0134 

3.557 

1.406 

237.2 

1.50 

32.12 

2.114 

2728 

1561 

5138 

.0067 

2,8478 

3.530 

1.404 

224.3 

2.00 

26.19 

2.818 

2515 

1413 

4759 

.0048 

2.6410 

3.487 

1.402 

207.4 

3.00 

19.13 

4.227 

2163 

1175 

4215 

.0024 

2.3763 

3.413 

1.398 

183.2 

4,oo 

1 K . 07 

5 r £ 

16 7f? 

QflQ 

Tfll R 

rim n 

9 . QIH 

% t 34Q 

1 

1,65.5 

5.00 

12.43 

7.046 

1640 

844 

3502 

.0004 

2.0954 

3.295 

1.392 

151.6 
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TABLE V. - Concluded . SUMMARY OP COMBUSTION PARAMETERS, CHARACTERISTIC VELOCITY, AND 
PERFORMANCE FOR EXPANSION TO SEA LEVEL FOR LIQUID AMMONIA WITH LIQUID OXYOEN 


Equiv- 

alence 

ratio, 

2(o}/H 

Fuel, 

peroent 

by 

weight 

Oxldant- 

to-fuel 

weight 

ratio, 

0/P 

Combus- 

tion 

temper- 

ature, 

T o' 



Exit 

temper- 

ature, 

T e> 

°K 

Charac- 
teristic 
velocity, 
c* , 

ft/sea 

Charao- 
terletio- 
velooity 
exponent , 
n 0 * 


Area 

ratio, 

e 

Coeffi- 

cient 

of 

thrust, 

Cp 

Specific 

impulse, 

I, 

(lb) (sec) 

lb 

Chamber pressure, 600 pounds per square inch absolute; equilibrium composition 

0.40 

63.95 

0.564 

1349 

535 

4509 

0.0000 

3.4121 

4.888 

1.478 

207.1 

.50 

58.67 

.705 

1784 

764 

5016 

.0000 

3.3976 

5.134 

1.489 

232.1 

.60 

54.19 

.845 

2171 

993 

5358 

.0000 

3.3478 

5.369 

1.498 

249.5 

.70 

50.34 

.986 

2503 

1219 

5596 

.0002 

3.2836 

5.580 

1.507 

262.0 

.00 

47.01 

1.127 

2760 

1441 

5752 

.0017 

3.2142 

5.796 

1.516 

270.9 

.90 

44.09 

1.268 

2922 

1663 

5820 

.0049 

3.1440 

6.071 

1.530 

276.7 

.95 

42.76 

1.339 

2963 

1J78 

5817 

.0063 

3.1093 

6.262 

1.539 

278.3 

.975 

42.13 

1.374 

2975 

1836 

5806 

.0068 

3.0921 

8.379 

1.544 

278.7 

1.00 

41.51 

1.409 

2980 

1882 

5788 

.0069 

3.0751 

6.484 

1.547 

278.3 

1.10 

39.22 

1.550 

2962 

1813 

5681 

,0060 

3.0089 

8.369 

1.542 

272.3 

1.20 

37.16 

1.691 

2914 

1752 

5563 

.0052 

2.9466 

6.312 

1.540 

266.2 

1.50 

32.12 

2.114 

2759 

1591 

5253 

.0039 

2.7847 

6.156 

1'. 533 

250.3 

2.00 

26.19 

2.818 

2536 

1369 

4849 

.0024 

2.5820 

5.900 

1.522 

229.5 

3.00 

19.13 

4.227 

2171 

1059 

4263 

.0007 

2.3219 

5.558 

1.506 

199.6 

4.00 

15.07 

5.636 

1877 

859 

3837 

.0001 

2.1593 

5.354 

1.497 

178.6 

5.00 

12.43 

7.046 

1641 

720 

3510 

.0000 

2.0451 

5.220 

1.492 

162. Q 

Chamber pressure, 600 pounds per square inch absolute; frozen composition 

0.40 

63.95 

0.564 

1349 

535 

4509 

0.0000 

3.4121 

4.888 

1.478 

207.1 

.50 

58.67 

.705 

1784 

764 

5016 

.0003 

3.3976 

5.134 

1.489 

232.1 

.60 

54.19 

.845 

2171 

991 

5353 

.0005 

3.3478 

5.366 

1.499 

249.3 

.70 

50.34 

.986 

2503 

1201 

5573 

.0023 

3.2856 

5.556 

1.506 

260.9 

.00 

47.01 

1.127 

2760 

1370 

5691 

.0056 

3.2142 

5.693 

1.512 

267.4 

.90 

44.09 

1.268 

2922 

1480 

5719 

.0086 

3.1440 

5.776 

1.515 

269.3 

.95 

42.76 

1.339 

2963 

1509 

5703 

.0096 

3.1093 

5.798 

1.516 

268.7 

.975 

42.13 

1.374 

2975 

1518 

5689 

.0099 

3.0921 

5.804 

1.516 

268.1 

1.00 

41.51 

1.409 

2980 

1522 

5670 

.0100 

3.0751 

3.808 

1.516 

267.2 

1.10 

39.22 

1.550 

2962 

1511 


.0094 

3.0089 

5.804 

1.516 

262.6 

1.20 

37.16 

1.691 

2914 

1480 

5461 

.0085 

2.9466 

5.786 

1.515 

257.2 

1.50 

32.12 

2.114 

2759 

1379 

5162 

.0067 

2.7847 

5.722 

1.513 

242.7 

2.00 

26.19 

2.818 

2536 

1237 

4775 

.0048 

2.5820 

5.626 

1.509 

223.9 

3,00 

19.13 

4.227 

2171 

1014 

4222 

.0024 

2.3219 

5.461 

1.502 

197.1 

4.00 

15.07 

5.636 

1877 

845 

3819 

.0011 

2.1693 

5.325 

1.497 

177.6 

5.00 

12.43 

7.046 

1641 

715 

3503 

.0004 

2.0451 

5.212 

1.492 

162.4 
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5.0 4.5 4.0 5.5 5.0 2.5 2.0 1.5 1.0 .9 .8 .7 .6 

Oxidant-fuel ratio, 0/P 


(b) Chatfber pressure, 500 pounds per square Inch absolute. Ercmen composition during expansion. 

Jigure 1. - Continued. Theoretical specific! Impulse of liquid, anaemia and liquid oxygen. Isentroplc expansion 
to pressure ratio indicated. 
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5.0 *.5 4.0 3.5 3.0 8.6 8.0 1.5 1.0 .9 .8 .7 .6 

OodjJjnrt-fuel ratio, 0 jt 

(a) Chm flj cr pressure, 600 pounds per square Inch absolute. EquUibrluo ooapoeitlon during expansion. 

Hgur* 1. - Corttiaued. "BbecMticsl specific i epu l ss of Ha d I d sraw . ei la sad. liquid cocjgsu. Isetrtropic expansion 
to pressure ratio Indicated. 
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V -m »v . 

Oxidant-fuel ratio, 0/F 

(d) Chamber pressure, 600 pounds per square i nc h absolute. Frown ccnposltion during expansion. 

Figure 1, - Conoludsd. Theoretical specific impulso of liquid aamonia and liquid oxygen, leentroplc expansion 


to pressure ratio indicated. 
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(b) Chamber pressure, 300 pounds per square inch, absolute. Frozen, composition 
during expansion. 

Figure 2. - Continued. Theoretical combust ion -chamber temperature and nozzle-exit temperature 
of liquid ammonia and liquid oxygen. Isen tropic expansion to pressure ratio indicated. 


8 


Oxidant -fuel ratio, 0 /? 

(c) Chamber pressure, 600 pounds per square Inch absolute. Equilibrium composition 
during expansion. 

Figure 2. - Continued. Theoretical combustion-chamber temperature and nozsle-exlt temperature 
of liquid ammonia and liquid oxygen. Isentropic expansion to pressure ratio indicated. 
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5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 .9 .8 .7 .6 

Oxidant-fuel ratio, 0/P 


(d) Chamber pressure, 600 pounds per square Inch absolute. Frozen composition 
during expansion. 

Figure 2. - Concluded- Theoretical combust ion- chamber temperature and nozzle-exit temperature 
of liquid ammonia and liquid oxygen. Isentropic expansion to pressure ratio Indicated. 




7.0 5.0 4.0 5.0 2.5 2.0 1.5 1.0 .9 .8 .7 .6 .5 

Oxidant-fuel ratio, O/F 

(a) Chattier pressure, 300 pounds per square inch, absolute. 
Equilibrium composition during expansion. 

Figure 3. - Theoretical ratio of nozzle area to throat area for liquid 
ammonia and liquid oxygen. Isentropic expansion to pressure ratio 
indicated. 
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7.0 5.0 4.0 3.0 2.5 2.0 1.5 1.0 .9 .8 .7 .6 .5 

Oxidant-fuel ratio, 0/F 


(t>) Champ er pressure, 300 pounds per square •inr»h absolute. 

Frozen composition during expansion. 

Figure 3. - Continued. Theoretical ratio of nozzle area to throat area 
for liquid ammonia and liquid oxygen. Isentropic expansion to pressure 
ratio indicated. 
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Fuel in propellant, percent "by weight 
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7.0 5.04.0 3.0 2.5 2.0 1.5 ~ " 1.0 .9 .8 .7 .6 .5 

Oxidant-fuel ratio, O/F 

(c) C hamb er pressure, 600 pounds per square inch absolute. 
Equilibrium composition during expansion. 

Figure 3. - Continued. Theoretical ratio of nozzle area to throat area 
for liquid ammonia and liquid oxygen. Isentropic expansion to pressure 
ratio indicated. 
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7.0 5.0 4.0 3.0 2.5 2.0 1.5 1.0 .8 .7 .6 .5 

Oxidant-fuel ratio, o/F 

(d) Chamber pressure, 600 pounds per square inch absolute. 

Frozen composition during expansion. 

Figure 3. - Concluded. Theoretical ratio of nozzle area to throat area 
for liquid ammonia and liquid oxygen. Isentropic expansion to pressure 
ratio indicated. 
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(h) Chamber pressure, 500 pounds per square inch absolute. Frozen composition during expansion. 


Figure 4. - Continued. Theoretical coefficient of thrust of liquid anmamia and liquid oxygen. Isentroplc _q 

expansion to pressure ratio indicated. ~' 1 
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) 4.0 3.5 3.0 2.5 2.0 1.5 1.0 .9 .8 .7 

Oxidant -fuel ratio, o/P 

(c) Chamber pressure, 600 pounds per square inch absolute. Equilibrium composition fi rin g expansion. 

Figure 4. - Continued. Theoretical coefficient of thrust of liquid and liquid oxygen. Isontropic 

expansion to pressure ratio Indicated. 
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Fuel in propellant, percent by weight 



(d) Chamber pressure, 600 pounds per square inch absolute . Frozen composition during expansion. 


Figure 4. - concluded. Tnaoreticai coerrioient or thrust or liquid ammonia and liquid oxygen, isentropic 
expansion to pressure ratio indicated. 
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(b) Chamber pressure, 600 pounds per square inch absolute. 

Figure 5. - Concluded. Theoretical moleoular weight of liquid ammonia and liquid oxygen 
assuming equilibrium composition during isentropie expansion to pressure ratio indicated. 
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Figure 6 . - Concluded . 


Fuel in propellant, percent hy weight 

i I i i i t 1 i r i i I I i | | 111 l F I I i I 

2.5 2.0 1.5 1.0 .3 .8 .7 .6 

Oxidant-fuel ratio, 0/F 

(b) Frozen composition during expansion. 

Theoretical characteristic velocity of liquid ammonia and liquid oxygen. 
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